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ABSTRACT

The effect on stresses in a cylindrical shell with a

circular penetration subject to internal pressure has been

investigated. The research is limited to thin, shallow,

linearly elastic cylindrical shells; however, some compar-

isons are made to thick shell experimental measurements.

Results provide numerical predictions of peak stress con-

centration factors around nonreinforced and reinforced

penetrations in pressurized cylindrical shells. Analytical

results are correlated with published formulas, as well as

theoretical and experimental/results. An accuracy study is

made of the finite element program for each of the con-

figurations considered important in pressure vessel tech-

nology.

A formula is developed to predict the peak stress con-

centration factor (SCF) for analysis and/or design in con-

Junction with the ASME Boiler and Pressure Vessel Code,

Section VIII, Divisions 1 and 2. The formula is rationally

derived to include all of the parameters that are required

to define the various penetration configurations used in

pressure vessel analysis, design, and construction. The

accuracy of the empirical formula is determined by comparing

to numerical, theoretical, and experimental data. In most

cases, it is shown that the ASME Pressure Vessel Code SCF

of 3.3 is extremely conservative.
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CHAPTER I

INTRODUCTION

1.1 Statement of the Problem

In a cylindrical shell weakened by a hole, the stress

distribution caused by an internal pressure load applied to

the shell will differ considerably from that in an unweak-

ened shell. The maximum stress will be much larger if there

is a circular hole in the shell than in the case where there

is no penetration. This conjecture is suggested immediately

by the case of a flat plate weakened by a hole with the

plate stretched per unit length in one direction and with

one-half of this stretch per unit length in the other direc-

tion. The maximum stress is 2.5'times the maximum stress

in the solid plate. This factor (2.5) is known as the

stress concentration factor (SCF). There is no reason to

expect that the SCF is 2.5 for the shell. It depends on

the geometry of the shell and the penetration: the curva-

ture parameter of the shell, Pa2 (pa being the radius of
RT

the hole, which is a circle in the projected shell surface,

R is the radius of the middle surface of the cylinder, and

T,the shell wall thickness); the ratio of the diameter of

the hol6Thor pipe to the radius of the shell; and the ratio

of the thickness of the pipe to that of the shell. (1 ) The

oqW

~Q)~ O aim3~'
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most important feature of the stress state in the shell

near the hole is that bending stresses occur, whereas in

PR PR
the unweakened shell only membrane stresses (- and 2T )

are present.

The loaded hole boundary condition in a pressurized

cylindrical shell with a membrane or diaphragm over the

hole to contain pressure only has been investigated by

many authors.(1,2,3,4,5,6 ) Another type of loaded hole

boundary is the perpendicular intersection of two cylinders

- shell and pipe. There are a few isolated numerical

solutions (7,8,9,10) and some theoretical investiga-

tions.1,2,11,12) There are many experimental results

for both thin and thick shells containing nonreinforced

penetrations (pipe only) (13 through 21) and very few

for reinforced penetrations - pipe and pad (14,15,17,2224)

and pipe and pads. (23,24)

(25)
Also, the ASME Pressure Vessel Code requires in a

stress or fatigue analysis the stress concentration factor

(SCF) to be not less than 3.3 for a "well designed penetra-

tion" in a cylindrical shell unless positive evidence is

available to the contrary. This evidence usually means a

separate analysis to confirm the peak SCF. This factor is

primarily needed to obtain peak stresses to perform a

fatigue analysis to predict the remaining life at a pene-

tration in the shell or to assure that the peak stress
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around a penetration does not exceed allowable stresses.

The need for a more refined and/or a more clearly defined

stress concentration factor became apparent in validating

the useful life of 91 penetrations in a cylindrical shell

located in a work/residential area of NASA - Langley Research

Center. These penetrations in the shell range in size from

1-inch to 60-inches in diameter. There are a few formulas

in the published literature(2,4,26,27) for a membrane over

the hole or a very thin penetration (pipe), but none are

applicable for reinforced penetrations in pressurized

cylindrical shells.

The author and others were unsuccessful in obtaining

any computer answers to an analytical finite element approach

to the actual intersection curve of the shell, pipe, and

pads boundaries. The compatibility equations for this

actual curve, rather than a projected circular curve (un-

covered during this study), were not acceptable to the

computer program. Also, different coordinate systems for

the shell and pipe input descriptions, solution vectors,

and output notations were unsuccessful. Therefore, it was

decided to abandon the analytical work and to magnetic

particle examine and/or rework these penetrations rather

than perform the analyses to obtain the refined stress

concentration factors. This type of verification (field

work in lieu of analysis) is not practical in all cases

Vl \-



since this shell which contains 91 penetrations is one of

1,600 pressure vessels (6000 pressure components) for which

the structural integrity must be verified or validated in

a five-year program at NASA - Langley Research Center.

Thus, there is a need for a positive and clear definition

of a well designed penetration to allow use of the 3.3 SCF

or to obtain the appropriate SCF. A "proven" formula to

approximate the peak SCF and/or a finite element program

to obtain a refined SCF would be invaluable in validating

shells, pipes and/or pad(s) configurations.

1.2 Object and Scope

The objective of this study is to determine the effect

on stresses in a cylindrical shell with a circular penetra-

tion subject to internal pressure. The research is limited

to thin, shallow, linearly elastic cylindrical shells; how-

ever, some comparisons are made to thick shell experimental

measurements. Results from this study provide numerical

predictions of the peak stresses around nonreinforced and

reinforced penetrations in cylindrical shells. Analytical

results are correlated with published formulas, theoretical

and experimental results.

The present research also investigates the convergence

and accuracy'of different finite elements and mesh sizes.

Finally, an approximate formula is developed to predict the

J? ~o'~~p B-
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peak stress concentration factor for analysis and/or design

in conjunction with the ASME Boiler and Pressure Vessel

Code, Section VIII, Division 1 and 2. (25) The formula is

rationally derived to include all of the parameters that

are required to define the penetrations used in pressure

vessel technology. The accuracy of the empirical formula

is determined by comparing to numerical, theoretical, and

experimental data. Since limited data is available for

reinforced penetrations, many different configurations are

pursued to supplement the published data to provide the

restrictions to the formula. These configurations are

modeled utilizing finite elements where compatibility be-

tween the cylindrical shell and the pipe/pad(s) are intro-

duced through enforced constraint equations. The config-

urations investigated are for force and/or pipe around

both nonreinforced and .reinforced circular penetrations in

cylindrical shells subject to internal pressure. For the

force case, the penetration is considered to be covered by

a diaphragm or membrane that allows the hole edge to deflect

and rotate. It also transmits the pressure force to the

shell in the form of a uniform transverse shear stress at

the hole edge. An automation computer program which

punches cards for these configurations for input to a

finite element computer program (NASA STRUCTURAL ANALYSIS

PROGRAM - NASTRAN 28 )) is utilized.



CHAPTER II

ANALYSIS

2.1 Matrix Analysis by Finite Element Methods

In the finite element method, it is necessary to obtain

a characterization of the stiffness properties of each

element in the structure and to relate end nodal displace-

ments to the corresponding forces. This is expressed in

the following form:

[K]{u}) = {F (1)

where: [K) is the stiffness matrix

{u} is the displacement vector

{F} is the force vector

The process for generating a computer program of any

structure that is composed of many finite elements is to

first pick a set of local coordinates convenient for a

typical element. The generalized element displacements

are {8} and forces are {F}. The displacements {8} and

stiffness matrix [K] are partitioned corresponding to ends

i and j:

Kii Kij F

(2)

Kj K 8 FIT

ON"8"
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In the process of connecting elements, it is found that

one element's local coordinates are not the same as those

for another element. Therefore, a set of system coordinates

is chosen that is convenient for a system of elements and

the local coordinate points are numbered (points 1, 2, 3,

A systematic numbering process for the node points

and members is chosen. The stiffness Kij for each element
ij

is calculated in local coordinates where i and j refer

to the end points of each element.

If the system coordinates or displacements are called

{u}, the transformation from an element's coordinates to a

system's coordinates is accomplished by a transformation

matrix, [a]. That is:

{} = [a] {u} (3)

The stiffness of the element is transformed to system

coordinates by use of Equations (3), (2), and (1).

[] = [T [K] [a] (4)

Consider several elements that are connected. The

next step is to generate the master stiffness matrix [Kij]M

by summing all member stiffnesses in system coordinates.(29)

The compatibility equations for required coordinate

points are introduced through multipoint constraint (MPC)

rn~a j~"~~
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equations of the form:

SA u. = 0 (5)

where: A is the coefficient

u is the point

j is the degree of freedom

Thus, the stiffness matrix, force, and displacement

vectors are modified by this degree of freedom link for

each MPC Equation (5) at each grid point. (3 0 )

After the compatibility equations are satisfied, the

boundary conditions. (displacements of the structure) are

enforced through single-point constraints (SPC). Finally,

the system applied external forces {F} are identified

and the equation:

[K]R {U}R = (F}R (6)

is solved.

2.2 Formulation of the Problem

Consider a flat rectangular plate of thickness T-

containing a circular hole of radius pa with its edges

parallel to axes Y', Z' of the circular hole. A'material

point or finite element grid point within the plate may be

located through cylindrical coordinates (p, #, X) defined

through



9

Y' = p sin p, Z' = p cos Q (7)

Suppose that the plane Y' Z' is now rolled into a circular

cylindrical shell in such a way that the Z'-axis becomes a

generator of the cylinder and Y' a circular arc denoted

by Y (see Figure 2.2.1). If R is the radius of the

middle surface of the shell and e the angle in any normal

cross section of the cylinder measured from the Y=O plane

in the positive direction of the Y-axis, then the following

relationships are obtained to define the finite elements

and grid points (see Figure 2.2.2):

Y' = Y = R6

R= R

e = Arc sin ( p sin )(8)
R

Z' = Z = p cos ¢

Consider that this same configuration - main (lower)

shell (shown in Figure 2.2.1) with mid-surface radius

R - is intersected by a branch (upper) shell with mid--

surface radius po and thickness t, (po = Pa + t/2), see

Figure 2.2.3. The axis of the branch shell is normal

to the axis of the main shell. Both shells are considered

to be infinite in length and capped at their ends.

Finally, consider that these two circular cylindrical

ORIGAL PAGE IS
4 6 PQQM ~T~gxQUA1
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Z'

X

a -

Y1
R, 0, Z

Y
OR

Figure 2.2.1.- Coordinate system for a cylindrical shell with hole.

p sin = Y'
I

- Z = Z' = p cos 

--- - ,_----
Z' or Z

(a) Plan view

p sin 0

----- R=R

R 0 = Arc sin p sin

(b) Elevation view

Figure 2.2.2.- Relationships used to define finite elements.

ORIG nAL PAG IS
PORR Al



X

Figure 2.2.3.- Intersecting circular cylinders (pipe and shell).

Po

R

'I

• Y

(1r

Figure 2.2.3.- Intersecting circular cylinders with large cylinder whenshell).

OPO/ .

r lr-P

Figure 2.3.1.- Intersection, curve of small cylinder with large cylinder when
IGI PAG I" rolled out flat for various values of poR.

DE ~ ooR ghAU
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shells with mid-surface radii po and R are complicated

by the addition of one or two reinforcing pads with

outside radius pp and thickness tp (see Figure 2.2.4).

The location of the finite elements through grid points

for a projected circular hole in a cylindrical shell

with a pipe and pad(s) is governed by Equations (8).

2.3 Introduction of Compatibility Equations

The solution of these problems requires the matching

of certain physical quantities (compatibility equations)

along the intersection curve of the two shells and pad(s).

When expressed in the cylindrical coordinate system, the

intersection curve is of a very complex nature. Due to

the difficulty of solving boundary value problems in which

the boundaries are not situated on constant coordinate

curves, the intersection curve can be approximated by pa'

po, and pp equal to some constants, whenever Po/R is

small. Figure 2.3.1, indicates the error involved in this

approximation when the lower shell surface is developed

onto a plane.(11 ) It can be seen that the actual inter-

section curve does not differ appreciably from a circle,

providing

O< 1/2 (9)
R Q

.~a~U. _
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Therefore, the actual hole boundary is assumed to be circu-

lar, identical to that of a projected view of the penetra-

tion.

The compatibility equations for a pipe and shell con-

figuration (Figure 2.2.3) are introduced through MPC

Equations (5). The six equations for each grid point for

both the shell and the pipe at the pipe and shell juncture

at p0  are as follows (A is deflection and 6 is rotation):

pAipe shell =0
R R

pipe shell T shellA-- = 0

Apipe s~hell T ( shell
AI- A (- 0 el ) = 0z z 2.

(10.)

0pipe - shell
R R

pipe shell 0
6 6

0pipe shell
Z Z

where the subscript is the degree of freedom of the grid

point. For the finite element analysis, the independent

degrees of freedom are those for the shell, and the depen-

dent degrees of freedom are those for the pipe. The super-

script inEquations (10) denotes whether the degree of free-

dom represents the pipe or shell.

0061 T
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The compatibility equations for a "pipe-shell-inner

pad" configuration (Figure 2.2.4) are as follows:

1. Pipe-to-shell juncture (po): Equations (10)

2. Inner pad (ip) to shell junctures for each grid

point at both pa and pp:

ip shell
AR - A 0

ip shell (T+ ip) (- s h e l l ) = 0
0 - 2 Z

ip shell (T+ ip) s hel l - 0 (11)
S - z 2

ip 8shell0ip - 6 =
R R

ip shell 0a 6

Sp - Oshell 0
Z Z

The compatibility equations for a "pipe-shell-outer pad(op)"

configuration for each grid point at locations po for the

pipe and pa and p for outer pad are as follows:

Apipe shell 0
R R

pipe shell T +shell = 0 (12a)
A - 2 op Z

pAipe Ahell T ) ashell = 0
Z Z 2 op O

PooR VALVY
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pipe shell
R R

6pipe - eshell =0 (12a)

0 6*

epipe - shell 0
Z Z

op shellp  - A = 0
R R

op shell T+ shell 0A - A -O ) Z  =
O 2 Z

Aop  _ shell T+ shell 0 (12b)
Z Z 2 

0op s shell =0
R R

op shell 0
O. 6

0op shell
z z

The compatibility equations for a "pipe-shell-outer and

inner pads" configuration are identical to Equations (11)

and (12). Each of these equations is provided as enforced

constraints to every shell, pipe, and pad(s) connecting

grid point.

2.4 Structural Analysis Computer Program

The finite element method is a modern, computer-orient-

e~a~~T1Th~
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ed approach to the analysis of structures. One of its

principal advantages is its complete generality. This

versatility makes it possible to consider arbitrary geom-

etries, support conditions, loadings, and variations of

material properties within the structures. The principal

limitation is the cost of operation. The cost is incurred

both in the time required to prepare the input data describ-

ing the finite idealization of the structure and its loading,

and in the computer time required to obtain the solution.

The process for generating the complete finite element

computer program is described in Chapter II, Section 2.1.

The finite element computer program utilized in this

study is the latest NASA STRUCTURAL ANALYSIS (NASTRAN)

version - level 15..5.1. Structural elements are provided

for specific representation of more common types of con-

struction including rods, beams, shear panels, and plates.

The range of analyses that can be solved include static,

elastic stability, and dynamic structural problems.

NASTRAN has been specifically designed to treat large

problems with many degrees of freedom. Computation pro-

cedures in NASTRAN were selected to provide the maximum

obtainable efficiency for large problems. NASTRAN uses a

finite element model, wherein the distributed physical

properties of a structure are represented by the elements

interconnecting at the grid points. Loads are applied

:~I~g~ QUALITY
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either at grid points or on the elements for which dis-

placements are calculated.
(3 0 )

The system displacements {u} in Equations (1), (3),

(5), and (6) locate individual grid or node points which

schematically represent the structure. The structure is

approximated by connecting these grid points with the proper

elements (rods, bars, beams, and plates) which best describe

the individual shapes and the overall configuration to be

analyzed. In the process of connecting the elements to

the grids, material and geometrical properties (areas,

moments of inertia, modulus of elasticity, Poisson's ratio)

for each element can be identified. By organizing all of

the grids, elements, and properties in the form acceptable

to NASTRAN, or other general purpose finite element computer

programs, the stiffness matrix [K] in Equations (1), (2),

(4) and (6) can be generated in the computation process.

The loads {F} that apply to each element and/or discrete

grid points can be identified, and the cards generated.

Triangular and quadrilateral elements with both inplane

and bending stiffness are used in this study. The NASTRAN

(level 15) numerical results were calculated using Langley

Research Center's CDC-6000 series computers. Also, HP-9810

programmable desk top calculator was used to assist in

interpreting the data and to automate the empirical formula

.,- ,--
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developed. The approximate number of degrees of freedom

required to model the different configurations in this

study are as follows: shell, 1500; pipe, 300; and pad,

300. Once the displacements {u}, Equation (6), are deter-

mined, internal element stresses are obtained. Finally,

inside and outside surface stresses for each element in

the structure are computed by NASTRAN from these internal

stresses (membrane stress + bending stress). A shell,

pipe, and two pad configuration (modeled with 2400 degrees

of freedom) is presented in Appendix A.

With regard to the cost of preparing the finite ele-

ment program input data previously described, it is quite

likely that this will exceed the cost of the computer

operation in most cases. In any numerical computer method,

the characterization process of a structure can be tedious

and time-consuming. A major part of the cost of data

preparation is spent in eliminating errors in the extensive

tables of numbers required to describe the idealization.

The extent of the input process can.only be minimized by

the use of automation. In order that the finite element

method may be used effectively as a research, analysis, or

design tool, it is essential that automatic mesh generation

programs be developed which will define the idealizations

of arbitrary shell geometries. Of similar importance to

the p~Tctical use of such programs is automatic plotting

OIOAL PAGE
'OFM Q ALIT fY
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to present the configuration and results in a readily

usable format.

A computer program to "automatically" punch input

cards in the format acceptable to NASTRAN was developed.

This program generates the input for shell, pipe, and pads:

grid, element, load, compatibility, and boundary condition

cards. The cards punched from this program are input to

NASTRAN for solving the inside and. outside surface element

stresses. Many configurations were solved (presented in

Chapter V) in order to obtain trend data and comparative

results. As a spin-off of the NASTRAN program, plots can

be obtained for pictorial or presentation purposes and as

a debugging tool. Sample plots are shown in Figures 2.4.1,

2.4.2, and 2.4.3.

ORIG.ALPAGO
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Figure 2.4.1.- Nonreinforced hole in cylindrical shell.
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CHAPTER III

ACCURACY STUDY

3.1 Introduction

In the finite element analysis of any structure, a

first requirement is the idealization of the structure.

For example, a shell surface (shown in Figure 3.1.1) is

divided into a system of appropriately shaped pieces. The

individual pieces must be standardized as simple shapes

such as triangles, rectangles, or quadrilaterals in order

that their stiffness properties may be defined. This

requirement imposes a certain degree of approximation in

idealizing the geometry of shells: a curved boundary

will usually be represented as a series of straight line

segments. In general, this boundary approximation is not

severe, and it can be reduced to any desired error limit

by reducing the size of the elements.

The most important approximation is in the shell

behavior assumption itself. If the shell is treated as a

two-dimensional surface rather than as a three-dimensional

solid, this implies certain assumptions and limitations.

For example, in the Kirchhoff theory, it is assumed that

stresses in the direction normal to the shell surface are

small compared to membrane stresses, and lines normal

to the surface are assumed to remain normal and unstrained



Quadrilateral
element

Grid
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Figure 3.1.1.- Discretized shell.
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during deformation. Approximations of this type are not a

special feature of the finite element solution but are in-

herent in any shell theory. Another common approximation,

in addition to the straight line segment representation of

boundaries, is that the elements connecting grid points

are flat surfaces or a group of several flat surfaces. The

great advantage of this assumption is that the membrane and

bending stiffness properties of the individual flat plates

are uncoupled. The coupling, which is characteristic of

shell behavior, is developed only in the assemblage of the

flat plates into an approximation of the curved shell

surface.(31)

3.2 Types of Finite Elements

The nature of the finite element approximation is such

that the analytical results generally converge toward the

true solution as the finite element mesh size is refined.

Other factors in the convergence criteria are the number of

grid points specified for each element, type of elements,

and primarily, the number of degrees of freedom (DOF) at

each grid. The Kirchhoff theory takes account of five DOF

(3 translations and 2 rotations about axes tangent to the

shell surface). Most shell elements make use of these same

5 DOF at each grid.

The finite elements employed in the discretized shell
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in Figure 3.1.1 are both planar triangles and quadrilaterals

assembled from 4 planar triangles. The forces and stresses

on these elements are shown in Figure 3.2.1(30) The mem-

brane stiffness of the triangular element is represented by

the well-known constant strain triangle and shown in Figure

3.2.2. The components of displacement, u and v, are parallel

to the local coordinate system (element X and Y axes). The

bending property based on cubic displacement patterns is

given by a fully compatible plate bending element, .a Clough

bending triangle. (32 ) This triangle is formed by sub-

dividing it into three basic bending triangles.as shown

in Figure 3.'2.3. The X-axis of each sub-triangle corresponds

with an exterior edge, so that continuity of slope and

deflection with surrounding Clough triangles is assured.

The added grid point in the center is like the other grid

points in that equilibrium of forces and compatibility of

displacements are required at the center point. In addi-

tion, the rotations parallel to the internal boundaries at

their midpoints, points 5, 6 and 7, are constrained to be

continuous across the boundaries. The equations for slopes

in the basic triangles contain quadratic and lower order

terms, and since the normal slopes along interior boundaries

are constrained to be equal at three points (both ends and

the middle), it follows that slope continuity is satisfied

along the whole boundary. Displacement continuity on all

:IGEAP k
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Figure 3.2.1.- Forces and stresses in plate elements.
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Figure 3.2.2.- Triangular membrane element.
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29

boundaries is automatically satisfied when the displacement

function contains only cubic and lower order terms. Thus,

complete continuity of slope and displacement on all

interior and exterior boundaries is assured for the Clough

triangle.

The Clough triangle is superimposed with a membrane

triangle to form triangular elements with both membrane and

bending stiffness. Therefore, this triangular element has

5 DOF at each corner, 2 deriving from membrane displacements

and 3 from the bending. The quadrilateral plate was

developed to provide improved membrane straih behavior while

retaining the basic 5 DOF per grid system. It is formed as

4 planar triangles as shown in Figure 3.2.4 plus 3.2.5, with

the grids modeling the shell midsurface. Each triangle has

one-half of the bending, stiffness or one-half of the

thickness (membrane) assigned to the quadrilateral element.

Since four points, in general, do not lie in a plane, care

must be taken to ensure equilibrium and compatibility.

Rather than try to define a warped surface, an averaging

process is used on the noncoplanar membrane triangles. The

bending element uses two sets of overlapping basic bending

triangles. Since coupling between membrane stiffness and

bending stiffness is not, at present, included in NASTRAN,

quadrilateral elements with both membrane and bending

properties are treated by simple superposition of their

ORi AOOR IQUA
03F PO00 QUAUYf
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membrane and bending stiffness matrices. The following

NASTRAN elements are the ones used in this research:

1. TRIA 2 - The triangular element with bot'h inplane

and bending stiffness.

2. QUAD 2 - A quadrilateral element similar to TRIA 2.

3.3 Shell

In this section, consideration is given to the accuracy

obtained with different mesh sizes and the two types of

elements (TRIA 2 and QUAD 2) used to obtain the peak stress

concentration factor for a pressurized cylindrical shell

with a circular hole, Figure 2.2.1. A quarter of the shell

is chosen as the model: shell radius, R; length, > 2R; and

the hole radius, pa. A typical finite element model is

shown in Figure 3.3.1. If the element size or general

mesh geometry is too large at discontinuities (such as a

penetration), the structure will be "too stiff". The

finite element approximations to peak stress concentration

factors will be below the correct answer. This model

provides a gradual transition of large to small elements as

the hole opening is approached. Since the "radial" section

is the easiest to generate or modify, different mesh

arrangements and elements will be used to compare the

accuracy,9,f peak stress concentration factors (SCF) to

"exact" solutions.

iGINAL PAGE IS
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Figure 3.3.1.- Typical plan view of a finite element model of a cylindrical shell
with a circular hole.
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The rectangular arrangement of quadrilateral (RQ)

elements of the "radial" section is shown to a larger scale

in Figure 3.3.2. The right (RDT) and left (LDT) diagonal

arrangements of triangular elements for the "radial" section

are shown in Figures 3.3.3 and 3.3.4, respectively. A

refined version (additional grid points) of left diagonal

triangular (RLDT) elements is shown in Figure 3.3.5. The

triangularizing of only the first element in the rectangular

arrangement of quadrilateral (lTRQ) elements is shown in

Figure 3.3.6. These code names for identifying the articu-

lation arrangements are similar to those used by Melosh. (31 )

It should be noted that efforts were pursued in refining

these configurations by grouping the same number of grid

points very near the hole (see Figure 3.3.7) - all to no

avail. Also, results for refining of the RLDT, regardless

of the local transition, were in error. This idea of too

much local refining is known.(31) When the elements were

smaller than one-half of the shell thickness, the peak

SCF oscillated about the "exact" solution.

A summary of the computer runs for peak stress con-

centration factors for a pressurized cylindrical shell with

force around the hole is presented in Table 3.3.1. The

units used in this table and throughout this study are in

the English or American System (inches and pounds). The.

RQ radial section model approximates the peak inside SCF

ORIGF,: 2
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to within -11% (below) of the theoretical or "exact"

solution obtained in Reference (3). The approximations

for the triangular arrangements (RDT, 1TRQ, LDT) are

converging to the theoretical solution without local

refining (RLDT). Many authors have reported the mid-

surface (average) SCF. (1,2,3) Since this is not the

peak value, the largest SCF (inside) will be the gauge

in the accuracy comparisons to determine the arrange-

ment to use for all other shell/force problems. The

LDT (which is much easier to generate) peak inside

SCF is slightly more accurate (-1.05% difference)

than the RLDT (+1.14% difference). Therefore, the LDT

arrangement is the one chosen to obtain the peak SCF

results for shell configurations with just a force

around the hole.

Table 3.3.1 - Peak SCF For Finite Element Models For A
Pressurized Cylindrical Shell With Force Around

The Hole: pa= 13 .0, R=112.0, v=0.3.

RADIAL Peak SCF = 0 and pa
SECTION T INSIDE OUTSIDE AVG
DESCRIPTION NASTRAN % DIFF NASTRAN % DIFF NASTRAN % DIFF

RQ 1.25 4.997 -10.99 3.108 -16.83 4.053 -13.31

RDT 1.25 5.405 - 3.72 3.395 - 9.15 4.400 - 5.88

ITRQ 1.25 5.479 - 2.41 3.477 - 6.96 4.478 4.21

LDT 1.25 5.555 - 1.05 3.554 - 4.90 4.555 - 2.57

RLDT 1.25 5.678 + 1.14 3.680 - 1.53 4.679 + 0.09

"EXACT" 5.614 "EXAC I "EXACT" 4.6
REF.(3) REF. ( REFERENCES

(1,2,3)

;4-
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Figure 3.3.2.- Rectangular arrangement of quadrilateral (RQ) elements for
"radial" section.
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Figure 3.3.3.- Right diagonal arrangement of triangular (RDT) elements for
"radial" section.
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3.4 Shell and Pipe

The next configuration to be considered is two inter-

secting circular cylinders (shell and pipe) as shown in

Figure 2.2.3. The same shell models in Section 3.3 are

used; therefore, a quarter of the pipe is modeled: hole

radius, pa; pipe radius, po; pipe thickness, t; pipe length,

> 2 p a, and all of the shell parameters previously described.

Typical finite element models for a pipe are arranged and

shown as follows: rectangular quadrilateral (RQ), Figure

3.4.1; right diagonal triangles (RDT), Figure 3.4.2; and

left diagonal triangles (LDT), Figure 3.4.3. The success-

ful implementation of the compatibility equations for

the pipe/shell juncture was accomplished by using the

following:

1. The e relationship in Equations (8) and not

e = 2 Arc sin ( p sin" ) or
2R

o = 2 Arc sin ( sn
2R

2. The same coordinate system for both the shell

and the pipe, and

3. The same coordinate system for input, solution,

and output.

A summary of the peak SCF computer solutions for shell

and pipe is presented in Table 3.4.1. The finite element

voo% ~
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approximations are converging to the theoretical

solutions.(1,3) For T = 1.084, the convergence is as good

as the shell problem. For the same reasons, the left

diagonal triangular shell and the right diagonal pipe is

the configuration used in the numerical NASTRAN results.

For comparison purposes, computer results for two other

shell thicknesses (T = 1.25 and 2.167) for the "simplest"

and the chosen configurations are also shown.

Figures 3.4.4 through 3.4.7 show the comparison of

the NASTRAN results with experimental and analytical data.

The difference between the chosen NASTRAN configuration

and the experimental data from that in Cranch (14) is only

8.38%, see Figure 3.4.4. Another example of trend and

accuracy is the nozzle-to-cylinder intersection model in

Figure 3.4.5. The analysis was performed by Prince and the

experimental investigation by the Oak Ridge National

Laboratory. (7 )  Remarkable accuracy is achieved (-3.95%

difference) with a direct trend comparison, see Figures

3.4.6 and 3.4.7. Other examples of experimental data and

numerical/analytical findings are presented in the results,

Chapter V.

ema~ PL
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Figure 3.4.2.- Right diagonal arrangement of triangular (RDT) elements for pipe.

'OV



44

223
226

227 228 229

231 232 233

235 236 237

239 240 241

243 244 245

247 248

251 252 253

256 258

288-- 300 ---

Figure 3.4.3.- Left diagonal arrangement of triangular (LDT) elements for pipe.
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SHELL THICKNESS = 1.084

INSIDE SCF ON SHELL

SHELL a
RADIAL PIPE %
SECTION DESCRIPTION NASTRAN DIFFERENCE

DESCRIPTION

LDT
(First Row LDT 2.189 -12.09

Removed)

LDT
(First Row HDT 2.197 -11.77
Removed)

RQ Q 2.227 -10.5b

RDT RDT 2.282 - 8.35

LDT RQ 2.428 - 2.49

LDT RDT 2.447 - 1.73

LDT
T of First RDT 2.462 - 1.12

Row = T/2

RLDT
T of First RDT 2.524 + 1.37

Row = T/2

"EXACT
Ref(1) 2.490

SHELL THICKNESS 1.25

RQ RQ 2,213 -16.80

LDT
T of First RDT 2.563 - 3.65

Row=T/2

"EXACT"* 2.660
REF(1,3) _

SHELL THICKNESS 
= 2.167

RQ RQ 2.513 -18.14

LDT RDT 2.793 - 9.02

"EXACT" 3.070
REF(1)

Table 3.4.1 - Peak SCF For Finite Element Models For a

Cylindrical Shell With Pipe: Pa = 13.0, R 112.0,

v = 0.3, And t 1.3.

ORIGINAL PAGE I8
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+ Ramsey's formula

SCF on inside surface 0 NASTRAN computerSCF on inside surface = analysis run

3.209 WRC bulletin # 60,
experimental data,

3.078 - Ref. (14)
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R I I7 I
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Figure 3,4.4.- Comparison of NASTRAN results with experimental data for shell and pipe.a
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Figure 3.4.5.- Nozzle (pipe)-to-cylinder (shell) intersection model from Prince. (7)



70 - Circumferential outside surface stresses for the nozzle @ = 0

60 - Analytical points from structural analysis of shell

I intersection , by N. Prince and Y.R. Rashid.(7)

0I Data obtained by finite element analysis
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Figure 3.4.6.- Comparison of NASTRAN results with analytical and experimental

data for shell and pipe. co
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Figure 3.4.7.- Comparison of NASTRAN results with analystical and experimental

data for shell and pipe.
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3.5 Shell, Pipe, and Pad

The preceding sections provided comparisons of the

accuracy of a variety of finite element solutions to

theoretical, numerical, and experimental results. Results

for this specific case (shell, pipe, and pad) are limited;

however, a configuration was chosen to test the MPC cards.

This configuration is two intersecting circular cylinders

reinforced with a pad. The same shell and pipe models in

Sections 3.3 and 3.4 are used; consequently, a quarter of

the pad is modeled: outside pad radius, pp ; and pad

thickness, tp; and all of the shell and pad parameters

previously described. Typical finite element models for

a pad are similar to those of the shell "radial" section,

see Figures 3.5.1 through 3.5.3. A summary of the peak

SCF computer solutions for a shell/pipe/pad configuration

is presented in Table 3.5.1.

There have been six shell/pipe/pad configurations

experimentally investigated. (14 ,15, 17,22,24) The NASTRAN

(14)
result as compared to first set of data is shown in

Figure 3 .5.4. The dashed line is the author's extension

of the available experimental curve. The descriptions of

the two models to show convergence is presented in Table

3.5.2. The second comparison(15) is shown in Figure 3.5.5

and presented in Table 3.5.3. This trend comparison is

outstanding. The accuracies of the two, -3.85% and -4.42%,
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is remarkable. The convergence of these NASTRAN models for

the two experimental cases lends authenticity to the first

numerical case for which there is no comparison. Therefore,

the LDT shell, RDT pipe, and LDT pad will be used as the

finite element model for other numerical NASTRAN results.

The other four experimental results will be presented in

Chapter V (for comparison to the formula developed in

Chapter IV).
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Ppad

-Pa-

Figure 3.5.1.- RQ elements for pad(s).

Ppad

Figure 3.5.2.- RDT elements for pad.
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PPAD

SPa-

Figure 3.5.3.- LDT elements for pad(s).

SHELL SHELL

RADIAL PIPE TOP PAD SCF
SECTION DESCRIPTION DESCRIPTION (INSIDE)

DESCRIPTION = 0 & pa

RQ RDT RQ 1.711

RDT RDT RQ 1.808

RDT RDT RDT 1.831

LDT RDT LDT 1.868

Table 3.5.1 - Peak SCF For Finite Element Models for

Cylindrical Shells With Pipe and Pad: pa = 13.0, T = 1.25

R = 112.0, v = 0.3, t = 1.3, tp = 1.5, & pp = 25.0



Inside surface stresses @ 0 = 0

€ Pipe

2.60 + Ramsey' s formula

2.50 K NASTRAN computer run

2.46 VQ' WRC bulletin no. 60

ref. (14)

2 Shell Pad Pipe

4 HoleR = 24.312 pp = 5.25 Po = 3.172

T = 0.625 tp = 0.625 Pa = 3.032

Po - t = 0.280

t v= 0.3

Pad tpPa T

Shell -

0 1.0 2.0 3.0 3.5

p/P 0

Figure 3.5.4.- Comparison of NASTRAN results with experimental data for shell,

pipe and pad.
\r
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SHELL SHELL PEAK SCF
RADIAL (I/S)
SECTION PIPE PAD = 0 & Po %
DESCRIPTION DESCRIPTION DESCRIPTION NASTRAN DIFF

RQ RDT RQ 2.116 -18.62

LDT RDT LDT 2.498 -3.85

"EXACT"

REF (14)

TABLE 3.5.2 - PEAK SCF FOR FINITE ELEMENT MODELS FOR A
PRESSURIZED CYLINDRICAL SHELL WITH PIPE AND PAD:
po = 3.172, t = 0.280, R = 24.312, T = 0.625, pp = 5.25,
t = 0.625, AND v = 0.3.

SHELL SHELL PEAK SCF
RADIAL PIPE PAD (I/S)
SECTION 0 & p %
DESCRIPTION DESCRIPTION DESCRIPTION DIFF

NASTRAN

RQ RDT nQ 2.362 -5.90

LDT RDT LDT 2.399 -4.42

"EXACT" 2.51

REF (15)

TABLE 3.5.3 - PEAK SCF FOR THE FINITE ELEMENT MODELS FOR
A CYLINDRICAL SHELL WITH PIPE AND PAD: p = 5.0785,
t = 0.593, R = 19.0, T 2.0, pp = 9.482, t p 2.0,•L • 2.0,

MRGINAL PAGE IS p
SPooR QUItJALu

Preceding page blank
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3.6 Shell, Pipe, and Pads

The shell, pipe, and pads configuration is often used

in the design and construction of pressure vessels.. One

experimental investigation for this configuration was
(23)

located through a paper by Kitching and Perkins. The

experimental results were for two intersecting circular.

cylinders (pipe and shell) reinforced with two pads (inside

and outside of the shell) as shown in Figure 3.6.1. The

experimental result was obtained during an investigation

by the British Welding Research Association (BWRA).(24)

The same shell, pipe, and pad models in previous sections

are used; moreover, a quarter of the second pad is modeled

identical to Figures 3.5.1 and 3.5.3. A summary of the

peak SCF computer solutions, for the simplest and most

accurate type (from previous sections) finite element

configurations, is shown in Table 3.6.1. This is the only

shell/pipe/pads experimental or numerical result available

and the LDT type model has a difference of 9% above the

exact answer. "However, the actual maximum value (SCF)

would be slightly higher than the one measured in the test

since it is impossible to measure immediately at a point

of discontinuity.."(23) The discontinuity point would be at

the NASTRAN peak SCF location - inside shell surface at

4 = 0 and pa' The difference would be < 9%, which is within

,MGINAL PAGE IS

po soon gura
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engineering requirements. Therefore, the LDT shell, RDT

pipe, and LDT pad(s) will be used in modeling all other

numerical NASTRAN results.

1.625 1.375 0.460

42 1.375 DIA 3.5

FIGURE 3.6.1 - DETAILS OF NOZZLE [ PE) IN A SHELL REINFORCED

WITH TWO PADS IN BWRA STUDIES.

SCF
SHELL
"RADIAL" PIPE TOP PAD BOT. PAD %
SECTION
DESCRIPTION DESCRIPTION DESCRIPTION DESCRIPTION NASTRON DIFF

RQ RDT RQ RQ 1.662 -7.67

LDT RDT LDT LDT 1.964 9.11

"EXACT" 1.80

REF (24)

TABLE 3.6.1 - PEAK SCF FOR FINITE ELEMENT MODELS FOR A

PRESSURIZED CYLINDER WITH PIPE AND PADS: p = 6.13,
t = 0.46, R = 21.8125, T = 1.625, p = 9.89, tp = 1.375,

pip = 9.86, tip = 1.375, AND v = 0.3.

ir E M.
-Roolt0,UALM
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CHAPTER IV

FORMULA

4.1 Introduction

In practical applications one frequently encounters

problems in which a circular cylindrical shell is submitted

to the action of forces distributed symmetrically with

respect to the axis of the cylinder. The stress distribu-

tion in wind tunnels, cylindrical containers, and circular

pipes under uniform internal pressure are examples 
of such

problems.

For the case of circular cylindrical shells arbitrarily

loaded, two first approximation theories are of prime

importance - (1) Love's first approximation theory and

(2) its simplified version due to Donnell. The simplified

version led to three partial differential equations in three

displacement components. These three equations contain

terms which higher approximation theories have shown to be

negligible. It is therefore permissible to simplify the

equations by omitting such terms. If these terms are

omitted (only pressure is considered) and the thickness of

the shell is constant, these Donnell equations lead to a

single fourth order equation in w, the radial deflection,

for the case of axisymmetrically loaded circular cylindrical

shells. This equation obtained by a number of

authors79,34 - 3 6 ) is

,,C F o I
ofG~t 1AT
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dw + ETw - p (13)

dZ 4  R2D D

with

ET 3
D 2

12(1 - v2)

where w is the radial deflection

E is Young's Modulus of the shell

R is the shell mid radius

T is the shell thickness

p is the internal pressure

v is the Poisson's ratio of the shell.

For the case of unsymmetrically loaded circular cylin-

ders, the linear shallow, thin shell equations may be

readily combined into two differential equations involving

,only the membrane stress function F and the normal displace-

ment w. The compatibility and equilibrium equations are

4 ET a w
V F = R 2

az

(14)

4 1 3F -

Vw + RD 2 DazG

ooltQpoa UALITY
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4 + 2 8
where V4  2 +

az az ay day

Elimination of the function F between the two equations

above yields an eighth order partial differential equation

in w of the form

V8w+ Et 4w - (15a)
DR D

or

8w + 6464w 34= -2 (15b)

where

4_ ET 3(1- v2 )

2 22
16R2D 16R2T 2

Equations (15) are known as Donnell's linear theory.(1-3 9-11)

4.2 Force Around Hole

The result of a perturbation solution to Equation (15b),

modified to include a circular hole covered by a membrane

2
(Figure 4.2.1), through terms of order (Bpa ) is a stress

concentration factor at the hole-shell boundary. (2)

2 2 5
SCF - cos 2 + f(BPa) (1 + cos 2 4)+ .

(16)



Hol e

Force

Pa

Pressure

R Shell

Figure 4.2.1.- Penetration (radius pa) in a pressurized cylindrical

shell (mid radius R, thickness T, and Poisson' s ratio

v) covered by a membrane.
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For the case of = 0, Equation (16) becomes

SCF = 2.5 + -- ( pa)2 (17)

where p is the hole radius.

Savin's formula for the same problem is

SCF = 2.5+ 2.3 2RT (18)
RT a

Lind's equation(26 ) is

SCF 1 + 4 p (1 + T (19)

Mershon(27 ) obtained for the same problem but with a pipe

intersecting the shell hole

P 2R 1/2 2 1/2
SCF = 2.5 + R (2) = 2.5 +(--) P (20)

where po is the pipe mid radius.

Mershon's Equation (20) is restricted to t/T Z 0 (force

around hole only) or t/T small - where t is pipe thick-

ness.

For v = 0.3, these Equations (16 through 20) reduce to

2.92 pa

SCF = 2.5 + a (21a)
Van Dyke RT
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2

SCF = 2.5 + 2.3 a (21b)
Savin RT

SCF Lind= 1 + 2.585 Pa (21c)

(RT)

SCFMershon  = 2.5 + 1.414 Po (21d)

(RT)1 / 2

The first attempt at a rational analysis of a long

pressurized cylindrical shell having a small circular hole

(6)
and closed at its ends is due to Lur'e. Due to errors

introduced in the boundary conditions, his results are

incorrect. The terms in Equation (16) of order (p a )2

were one-half the values obtained originally by Lur'e.

(8) (1)
This error was also confirmed by Eringen and Lekkerkerker

Eringen, Naghdi, and Thiel (3 ) presented a study using the

exact solution of partial differential equations of thin,

shallow, cylindrical shell theory. The boundary conditions

were satisfied by use of Fourier series and the least

square error technique through the aid of extensive numer-

ical calculations of the force only around a circular hole

in a cylindrical shell. A comparison of the results from

this "exact" approach with Equation (21) is shown in Figure

4.2.2.

OraGfNAI PAGE IS
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10- I10

/

Van Dyke Savin

9- I I

I Exact (3)
case

8 -

7/7

- , Lind

5- / -
Mershon

-/ ® Experimental Results

3/ Ref. (41)

2-

1 I I I I I I
0 .2 .4 .6 .8 1.0 1.2 1.4

Pdo

Figure 4.2.2.- Comparison of formulas with exact results.
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The two experimental results are those of Houghtan

and Rothwell. (4 1 ) In both of these experiments, only the

membrane stresses were measured. The stress concentration

factors correspond to the ratio of the maximum membrane

stress at the hole to the membrane stress in the shell far

from the hole. Excellent agreement is shown for the first

data point (6pa = 0.35). The experimental membrane

covering the hole consisted of a very flexible, thin metal

plug. This may have introduced slight restraints on the

freedom of the hole edge. By measuring only the membrane

stress and, perhaps, introducing the slight restraint, the

peak SCF for the second experiment would be higher due to

the larger size hole (Bpa = 0.58).

The Van Dyke Equation (21a) is the only conservative

equation in comparison with the "exact" results 
and the

first experimental case. Van Dyke's starting series for

small SPa, given by Equation (16), is generally accurate

to a BPa of about 0.3.(2) The required engineering

accuracy is exceeded for 8pa > 0.6; therefore, this

equation is the one chosen to improve on in the following

format for the force around the hole

2

SCF = 2.5 + a (22)
Force RT

pOarr PQAt1UT
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where 2.5 is the stress concentration factor for a flat

plate weakened by a circular hole with the plate

stretched per unit length in one direction and with

one-half of this stretch per unit length in the

other direction,

and

2

is a function to increase the stress due to
RT

shell curvature and thickness, and hole size,

with X for values of a shown in Figure 4.2.3.
(RT)

The values of X to go in Equation (22) can be taken

from this curve (Figure 4.2.3) or the maximum value of

X = 2.7 could be used. This value is used in Equation (22)

in this report. For v = 0.3 the result is

Pa 2

SCF Force 2.5 + 2.7 a (23a)

or for any v

SCF Force = 2.5 + 6.537 (pa 2 (23b)

(3(1-v2 ))1/4 a

where pa  2 (RT)1 / 2

s~2 (RT)
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Either use
3.0

2.7 pa
Outside SCF = 2.5 +

2.8- Outsidemax 2.7 RT
or

2.6 pa2

SCF = 2.5 +
2.4 - Inside RT

2.2

2.0

1.8

1.6

1.4

1.2

1.0

0.8 -

0.6-

0.4-

0.2-

0.2 0.5 0.8 1.1 1.4 1.7 2.0

Figure 4.2.3.- Values of A in shell with force equation.

GINAD PAGE IS
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4.3 Pipe Around Hole

The installation (physicallyor analytically) of a

pipe into a cylindrical shell (Figure 4.3.1) reduces the

peak stress concentration factor at the shell-pipe juncture.

A function or reduction factor is needed to decrease this

stress due to a small amount of reinforcement from the

pipe. The reduction is dependent on the amount of pipe

reinforcement (opening and pipe thickness) not needed to

withstand the pressure. Thus, the following form is

assumed

SCFipe = SCFForce (reduction factor). (24)

The usual pressurization of cylindrical vessels (wind

tunnels) is analogous to a suddenly applied load. (37 ) The

dynamic response of a structure due to this type load is

a dynamic load factor of "one minus some term." Therefore,

the above reduction factor takes the form

2
1 - (Bpo ) (pipe to shell thickness ratio) (25)

where po is mid surface radius of the pipe and B is

modified to include Poisson's ratio of the pipe. The pipe

to shell thickness ratio (to be of the same order as B)

will be taken as (t/T)1/ 4 . Equation (24) becomes

~I~mI? gt
A1.2" & suVW'iU



Hole

Force

P0

Pa = Po - t/2
------- I t 

R Pressure _ Shell

Figure 4.3.1.- Pipe (mid radius po, thickness t, and Poission' s ratio

vp) in a pressurized cylindrical shell (mid radius R,

thickness T, and Poission' s ratio v).

• CD
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2 t 1/4
pe pipe SCF force 1- . (26)

The total equation (23 and 26) developed thus far is

SCF pipe = (2.5 + 6.537 (BPa)2 ) 1l-(8P1 o) 2( )1/4

(27)

4.4 Pipe and Reinforcing Pad Around Hole

The addition of an inner or outer reinforcing pad to

a pipe in a cylindrical shell is shown in Figure 4.4.1.

The two new parameters introduced with this configuration

are the outside radius (p ) and the thickness (tp) of the

inner or outer pad. The major parameters from Equation (27)

that contribute to this configuration's influence on the

SCF are the mid radius (R), the thickness (T) of the shell

and the inside radius (pa), the thickness (t) of the pipe.

Thus, a function to decrease the stress due to a reinforcing

pad around the pipe or hole should contain pp, R, Pa' tp,

and t or T. This function should be similar to Bp

and multiplied times a pad to shell or pipe thickness ratio

to some power. Note that

S(3(1 - 1))/ 4  p 1/2 (28)
2 (RT) 1 /2  (R p

MGIMALl PAGE IS
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Force

Q Hole

o )=0

Pa Po - t/2 Pop

top

R Pressure _ Shell

(a) Outer pad

Force

C Hole

po

pa =Po - t/2

S=0

-- -- T --

IP

R Pressure

(b) Inner pad PiP L_Shell

Figure 4.4.1.- Pipe (mid radius po, thickness t, and Poisson' s ratio vp) in a

pressurized cylindrical shell (mid radius R, thickness T and

Poisson's ratio v) reinforced with an inner or outer pad

(outside radius pp and thickness t p).

orF Poolta tA
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The pad to shell or pipe thickness ratio (to be of the same

order as 6) will be taken as (t /TH)
p

Therefore, the reduction in peak stress concentration

factor due to an inner or outer reinforcing pad to a pipe

in a cylindrical shell is

P .. ( ) 1/4 (29)
(R 1/2  TH

(R p,)

where TH = t for case of a thin, thin shell where pipe

thickness is more important than the shell

T for approaching case of a thick shell

where shell thickness is more important

than the pipe.

The limits as to when each thickness should be used

R R
(TH=t for > 33 and TH=T for $ 33) are discussed

in Chapters V and VI under the presentation and discussion

of results. The SCF equation becomes

p t 1/4
SCF SCF - 1/2 ) (30)

pad pipe (R pa) TH

The total equation (27 and 30) developed thus far is

P t1
(- Pa ) 1 /2 (- )1/4 (31)( )TH
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where pp is outer or inner outside pad radius and tp

is outer or inner pad thickness.

4.5 Pipe and Reinforcing Pads Around Hole

The addition of inner and outer reinforcing pads to a

pipe in a cylindrical shell is shown in Figure 4.5.1. The

only new parameters introduced with this configuration are

the outside radius and thickness of the second reinforcing

pad. Therefore, the same type of term as Equation (29) will

apply as a reduction to Equation (31) to obtain the peak

stress concentration factor for two pads. The general

SCF equation becomes

SCF = (2.5 + 6.537(8Pa)2)I1 - ( o) 2 (t )1 /4

(32)

Po 1/2 ( op)l/4 t. /4
1/2ip 1/2 ( 1/4

(R pa )  TH (R p )  TH

where subscripts o and i are for the outer and inner

pads, respectively.

One can obtain the peak SCF for any of the previously

developed five cases (force, pipe, outer pad, inner pad,

and outer and inner pads) by merely substituting the

appropriate parameters in Equation (32). For example, the

pipe problem would be solved with op = ip =top tip = 0,

which would result in Equation (27). The practical approach



Force

_ Hole

Po  
= 0

Pop

Pa Po t/2 t

top

tip

Pressure
R

pip

_ Shell

Figure 4.5.1.- Pipe and shell reinforced with inner and outer pads.
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in the construction of cylindrical shells is to generally

reinforce around pipes; therefore, these five configurations

are the major thrust of this research. Another combination

of cases can be addressed, i.e. force (t = 0) and pad(s).

The physical significance of force, no pipe, and pad(s)

could be (1) a cap welded to a reinforcing pad to close

off an opening and (2) glass ports for observing the

inside of cylindrical pressure vessels (test sections).

The accuracy of the formula is determined by comparing

to available and applicable published numerical, theoretical,

and experimental data and to the analytical (NASTRAN)

results. Many different cases and examples of this formula

were pursued in order to uncover the restrictions in the

formula. The accuracy, results, and applications are

presented and discussed in Chapters V and VI.

Since the formula is compared to theoretical (Shell

theory) and to the author's computer (NASTRAN) results, the

reliability of the answers from shell theory and NASTRAN in

this study is needed. An analogy to the cylindrical shell

problem is the example of pure bending of an infinite plate

with a circular hole. Reissner42) addresses this problem

by including the effect of transverse.shear deformations.

It is assumed in Shell theory and NASTRAN that the stresses

vary 'inearly across the thickness. Reissner obtained a

factor 6/, (in lieu of 1.0) in front of the transverse

0m.- QV
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shear deformation terms in the stress-strain equations for

two-dimensional plate theory. The significance of this

difference is presented by comparing to an exact (three-

dimensional elasticity theory) analysis of the plate with

a circular hole subject to pure bending. The effect of

transverse shear on the peak stress concentration factor is

negligible provided Pa/T is greater than about 3.0.

Therefore, even though Reissner's paper is concerned with

a flat plate, the effect of transverse shear on this study

will be negligible as long as Pa/T > 3.0 and R/T > 25.0.

It is permitted in NASTRAN to use any shear factor

in front of the transverse shear deformation terms.

.The factor used in this study is 1.0. Therefore, a

slightly different SCF than the exact answer will be

obtained. All of the theoretical and NASTRAN results

presented in this study have a Pa/T ratio greater than 4.0,

except the NASTRAN configurations where the shell thickness

equals 8.96 (p a/T = 1.2 and R/T = 13). It will be shown

in Chapter V that for experimental results for Pa/T < 0.6

and R/T $ 15, the transverse shear effects are not

negligible.

,'UAG PGIA
INi 8H~~~e~~~l
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CHAPTER V

PRESENTATION OF NUMERICAL RESULTS

5.1 Introduction

The finite element technique described in Section 2.1

has been used to complete numerical analyses for the con-

figurations previously described (Section 2.2, Chapters III

and IV): shell with force around hole, shell and pipe, and

shell/pipe/pad(s). The units used.throughout this study

are in the English or American-System (inches and pounds).

Except where noted in these results, Poisson's ratio is

taken as 0.3 and Young's modulus as 29 x 106 psi. The

membrane stress of a cylindrical shell is well known.

a = R (33)
m .T

The ratio of the largest principal stress at a point

in question to that which would occur at that point if the

shell were not penetrated will be called a stress concentra-

tion factor (SCF). This is defined by

SCF = Max. stress (34)
m

where am is defined by Equation (33).
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The numerical (NASTRAN) results were calculated using

Langley Research Center's CDC-6000 series computers. All

of the NASTRAN models are composed of triangular and

quadrilateral elements with both inplane and bending stiff-

ness. The pressurized cylindrical shell with a circular

penetration is modeled as follows:

1. General shell, Figure 3.3.1

2. Radial shell section, Figure 3.3.4

3. Pipe, Figure 3.4.2

4. Pad(s), Figure 3.5.3.

For all of the tabulated results, the peak SCF at the

shell/hole or pipe/pad(s) juncture is given. Appendix A

contains a representative NASTRAN run. The detail computer

printouts of, the numerous cases fill a volume of 7 cubic

feet; therefore, for brevity, Appendix B contains typical

one page summaries of the NASTRAN runs presented in this

section and Chapter III. These summaries for shell thick-

nesses 0.896 and 2.215 are organized in the following

configurations: force, pipe, pipe and pad, pipe and

pads, force and pad, and force and pads.

The one page summary defines parameters used to model

thatconfiguration: shell mid radius (R) and thickness (T);

hole radiws (p ); pipe mid radius (po) and thickness (t);

outer pad'outside radius (Pop) and thickness (top); inner

pad outside radius ( ip) and thickness (tip); and Poisson's
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radio of shell (v), pipe (v ), and pad(s) (vPAD). The

location of each SCF is determined by (1) the angle (4,

see Figures 2.2.1 and 2.2.2); (2) inside surface (I/s) or

outside surface (0/s) of shell, pipe, and pad(s); and

(3) ratio of the grid point location (p, see Figures 2.2.1

and 2.2.2) divided by the pipe mid radius (p ).

The peak SCF used as the design criterion is the largest

of all SCF values computed for a.configuration.

The accuracy of the NASTRAN results is determined by

comparing to theoretical and experimental data. Since

limited data are available for reinforced penetrations,

many different configurations were modeled to supplement

the published "exact" data to provide the accuracy and '

restrictions to the formula.

5.2 Formula Restrictions and Conditions

The accuracy of the formula presented in Chapter IV

was improved by .imposing certain restrictions and conditions

based on the results in this chapter. These results were

from experimental, theoretical, published numerical, and

the NASTRAN analytical results. The general restrictions

inherent in any shell theory or finite element solution

are as foll6ws:

1. 1 (Equation (9))R -2
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2. > 10
t

(thin shell theory)

3. >10
T

4. Pa/T > 1.2 (Transverse shear effect).

There are other conditions that the author has used to

improve the accuracy of the formula. These conditions are

i. < 0.4; use SCF = SCF
T pipe force,

but retain the calculated SCFpipe for SCF
pipe pad(s).

2. TH =t for > 33

for < 33 in Equation (32).

T

3. If ASME'boded"top or bottom pad (approximately

Ahole < Areinf.), see Figure 5.2.1, and t > 10,

1 tp

1 t
and p on bottom.

2 t 1/4
4. (81 pO 2 ( 1/) 1.9 or pipe is "ill-conditioned."

5. If (81 2 ( /4 > 1.0, treat as'boded'pad -

condition 3.

• " )2 t 1/4
6. If 0.9 < ( P 2 ( )/4 < 1.3, use

SL in Equation (32) in place

of Equation (25).



A reinf. = Apa d

Areinf. (Pop - Pa) top

+ (Pip a )tip

A / Areinf. A hole

Ahole = T Pa

Figure 5.2.1.- illustration of-"reinforcement" required for ASME coded top

or bottom pad. (38)

°C
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7. If t = 0 and configuration is pad(s) reinforced,

then pp 2 pp, TH = T, and treat as'bcoded"'pad.

8. SCF from Equations (31) and (32) is always > 1.0.

All the formula stress concentration factors are obtained

from a computer program which is based on Equation (32) and

these restrictions and conditions.

5.3 Force, Pipe, and Pipe/Pad(s)

Several calculations were obtained for the configuration

of Figure 4.2.1, force around the hole. These results were

computed to compare with theoretical ("exact") results(1,'2 3)

as well as to provide check points for the formula presented

in Chapter IV, Equation (32). Throughout this chapter, the

formula answers will be referred to as SCF Ramsey. The

comparisons between NASTRAN/"exact" (N-E), Ramsey/NASTRAN

(R-N), and Ramsey/"exact" (R-E) for different shell and

force configurations are presented in Table 5.3.1. The

second result in this table for R = 156.5 will arbitrarily
T

be defined as the only membrane result. All other results
R

in this table are in the thin shell theory realm, - > 10.
T

The overall differences of the comparisons of the results

are as follows: N-E, 17.4% and -8.9%; R-N, 8.6% and -12.8%;

and-E, approximately ±5%. The minus sign in this study

always indicates less than and the plus sign greater than
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FORCE (only) PEAK SCF @ = 0 & pa R

ON INSIDE SURFACE 
S T

SCF SCF SCF % DIFF

a NASTRAN "EXACT" RAMSEY N-E/R-N R-E

17.40 2.
2.42 25 0.2 6.497 5.534 5.663 -12.84 233

-7.6684

7.09 50 0.32 9.603 10.4 10.983 14.37 5.61
14.37

+12.02
4.84 50 0.40 6.199 5.534 5.663 - 2.65 2.33

3.83 2.33
8.712 90 0.72 5.746 5.534 5.663 - 3 - 33

-2.31 2.33
10.842 112 0.896 5.406 5.534 5.663 4.75 2.33

13.0 112 1.084 5.907 6.027 6.259 1.99 3.85
5.95

- 2.35
14.52 150 1.2 5.404 5.534 5.663 - 2.35 2.33

- 1.79
13.309 112 1.25 5.643 5.746 5.916 - 1 2.96

13.0 112 1.25 5.555 5.614 5.760 - 1.05 2.6

1.03
12.285 112 1.25 5.374 5.319 5.411 10.03 1.73

- 3.58

12.25 50 2.0 6.033 6.257 6.552 -- 3.58 4.71

0.47
13.309 112 2.1667 4.478 4.457 4.471 0.1 0.31

10.7667 112 2.1667 3.884 3.774 3.790 2.42 0.42
2.1342

13.0 112 2.1667 4.464 4.371 4.380 1.88 021

+ 3.86
12.285 112 2.1667 4.331 4.170 4.179 + 3.86 0.22

- 3.51

- 2.24
13.2 72 2.215 5.233 5.353 5.450 4.15 1.81

12.01 112 2.9867 3.836 3.639 3.664 5 41 .69

10.752 112 8.96 2.694 2.958 2.811 - 9-- -4.97

Table 5.3.1 - NASTRAN, EXACT 2, and Formula Comparisons
for Different Shell and Force Configurations.
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the "exact" value. In Figure 5.3.1 all three curves (NASTRAN,

"exact" and formula) are approaching the flat plate ($ = 0)

value at 2.5. For Bpa < 0.6 the three curves concide. For

Pa > 0.6 the NASTRAN curve is below (as expected) the "exact",

and the formula curve is above (as desired).

The shell and pipe configurations (Figure 4.3.1) are

presented in Tables 5.3.2 through 5.3.6 for different types

of comparisons for various categories. The types of com-

parisons are as follows: NASTRAN/exact/Ramsey, Table 5.3.2;

analytical/Ramsey, Table 5.3.4; and experimental/Ramsey,

Tables 5.3.3, 5.3.5 and 5.3.6. The categories are defined

as the following: thin shell, R> 10; and thick shell,
R P< 10; thin pipe, -- > 10; and thick pipe, < 10.t t
Several NASTRAN thin shell and thin pipe configurations were

modeled to compare to theoretical ( ' ) numerical (7 ) and

experimental(7,14 ,17 ,20,24) results (see Table 5.3.2(a) and

5.3.3(a). The overall differences of the thin shell and

pipe NASTRAN results from the "exact" are -14.0% to 8.9%.

The formula differences between NASTRAN and

"exact"(1,7,11,14,17,20,24) are approximately +14%. Note

the configuration where v = 0.3 and 0.5. The accuracy
p

of the formula as compared to both NASTRAN solutions is

approximately 3%.

The thin shell and thick pipe results are shown in

Tables 5.3.2(b) and 5.3.3(b). Those in Table 5.3.2(b) are
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Figure 5.3.1.- Effect of shell thickness and curvature, and hole size (Ppa ) on peak SCF o

for shell and force (t = 0) configurations. o'



Table 5.3.2 - NASTRAN, EXACT, and Formula Comparisons
for Different Thin Shell and Thick/Thin
Pipe Configurations: v = 0.3, v = 0.3;
except as noted.

SCF SCF "EXACT" SCF % DIFF
a R T t ASTRAN Ref.(l, 11) RAMSEY N-E/R-N R-E

2.42 25 0.2 0.16 2.812 2.856 2.898 3.06 1.47

7.09 50 0.32 0.32 3.139 - 3.921 24.91

4.84 50 0.40 0.34 2.776 2.856 2.844 - 2.80 - 0.42

8.712 90 0.72 0.576 2.760 2.856 2.898 3.36 1.-475.00

10.842 112 0.896 0.717 2.812 - 2.897 3.02

1.0.842 112 0.896 0.717(v = 0.5) 3.061 - 3.152 2.97
- 1.12 1538

13.0 112 1.084- 1.3 2.462 2.490 2.107 -14. -15.38

- 4.73 1.47
14.52 150 1.2 0.96 2.721 2.856 2.898 .51 1.47

13.309 112 1.25 0.6825 3.544- 3.420 3.120 -13.63 8.77

13.0 112 1.25 1.3 2.563 2.660 2.562 - 3.65 - 3.68

12.25 50 2.00 0.5 4.728 4.94 - - 4.29

13.309 112 2.1667 0.682 14.211 4.459 4.471 6.1756 0.276.17

10.7667 112 2.1667 0.8-6668 2.992 3.157 3.146 -5.23 -0.35
5.15

13.0 112 2.1667 1.3 2.793 3.07 3.158 13.02 2.87
13.07

-14.04
13.2 72 2.215 1.1 2.809 3.268 3.210 1148 1.77

10.752 112 8.96 0.896 2.770 2.790 2.811 - 0.72 0.75

(a) Thin Pipe
(a) Thin Pipe - 0 



TABLE 5.3.2 - (concluded)

.SCF
SR T t SCF "EXACT" SCF % DIFF.

NASTRAN Ref. ( ) RAMSEY N-E/R-N R-E

3.032 24.312 0.625 0.28 3.078 2.84 (14) 3.209 8 12.99
6.0 21.8125 1.625 1.625 - 2.60 (24) 2,407 -7.42

2.475 5.0 0.1 .05 6.743 7. 129 (7) -5.42 -1.47

6.0 21.8125 1.625 1.000 - 3.000 (24) 2.956

(a) Thin Pipe p > 10
t

P R T t Ref. SCF SCF SCF % DIFF.
a NASTRAN "EXACT" RAMSEY N-E/R-N R-E

12.285 112 2.1667 2.73 (1,11) 2.347 (2.580) 2.775 -4.03 7.56

12.285 112 1.25 2.73 (1,11) 1.867 - 1.795 - 3.9 -

12.01 112 2.9867 4.48 '(111) 2.332 2.345 2.647 - 055 12.88

4.125 22.6725 4.845 0.938 (24)' - 3,3 2.918 -11.576

4.125 22.6725 4.845 0.938 (24) - 2.7 2.918 . 8.074

5.9375 22.6725 4.845 1.,438 (24) - 3.3 3.367 2.03

(b) Thick Pipe ( Po/t < 10)0



Table 5.3.3 - Experimental and Formula Comparisons for Thin
Shell (R/T > 10) and-Thin/Thick Pipe Configurations.

SCF SCF %
Pa R T t Reference "EXACT" RAMSEY DIFF

3.06 11.860 0.281 0.25 (17) 3.050 2.975 - 2.46

0.98 7.659 0.153 0.021 (20) 4.750 4.713 - 0.78

6.00 21.813 1.625 0.380 (17) 5.000 5.242 4.84

(a) THIN PIPE ( O/t > 10)

0.97 24.844 1.688 0.730 (17) 3.120 2.524 -19.10

0.97 24.844 1.688 0.218 3.060 2.561 -16.31

1.91 24.844 1.688 1.095 2.980 2.589 -13.12

1.91 24.844 1.688 0.729 2.980 2.622 -12.01

6.00 21.813 1.625 1.625 2.700 2.407 -10.85

3.72 24.844 1.688 1.593 2.910 2.719 - 6.56

6.00 21.813 1.625 1.000 3.100 2.956 - 4.65

(b)THICK PIPE ( o< 10)t
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slightly more accurate than the thin pipe results for both

the formula (+12%) and NASTRAN (-4%) as compared to the

I"exact" (1 ,11 ;24 ) results. For the same category, it is

shown in Table 5.3.3(b) that the formula comparisons are

below the experimental(17) by 19%. The first four config-

urations in Table 5.3.3(b) and the last three in Table 5.3.2(b)

have Pa/T < 1.1. At the end of Chapter IV, it was stated

that transverse shear effects would be negligible provided

Pa/T > 3.0 and R/T > 25.0. Both of these requirements

are violated. Therefore, the low SCF from the formula is

to be expected since the hole is too small and/or the shell

too thick. Therefore, the overall accuracy of the f6rmula

for a thin shell and thick pipe is approximately +12% by

not including the configurations where Pa/T < 1.1 and

R< 147.

The theoretical comparison of Eringen's11) analytical

results to the formula for the shell and pipe configurations

is presented in Table 5.3 .4. The accuracy between the two

of ±8% is remarkable. The cases are tabulated by per cent

difference from lowest to highest. These are the only valid

cases from this report. The others violated all four of his

theoretical requirements:

R/T > 10, Po/t > 10, apo < 0.5, and Po/R < 1/3.

Tables 5.3.5 and 5.3.6 present numerous experi-

mental (8 ,11, 16 ,17 ,19 ,21 ,2 2 ,13 5 ) configurations for thick
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Table 5.3.4 - Formula and Analytical(11)Comparison for
Shell and Pipe Configurations.

CASE NO. 2R/T po/R Bpo  t/T SCF-LIT SCF % DIFF
0 (Ref.(11 RAMSEY

131 250.00 .050 .35900 .1000 3.63 3.330 -8.26
104 100.00 .100 .45400 .1000 4.11 3.823 -6.98
102 100.00 .100 ;45400 .4000 3.31 3.130 -5.43
125 250.00 .025 .18000 .0250 2.86 2.709 -5.27
132 250.00 .050 .35900 .0500 3.52 3.337 -5.20
124 250.00 .025 .18000 .0500 . 2.85 2.708 -5.00
126 250.00 .025 .18000 .0125 2.85 2.710 -4.91
127 250.00 .025 .18000 .0062 2.85 2.711 -4.89
64 50.00 .050 .16100 .0125 2.80 2.667 -4.75

130 250.00 .050 .35900 .2000 3.48 3.317 -4.68
20 10.00 .250 .35900 .1250 3.42 3.261 -4.63
63 50.00 .050 .16100 .0250 2.79 2.665 -4.47
16 10.00 .100 .14400 .0250 2.75 2.628 -4.42
97 100.00 .050 .22700 .0500 2.96 2.831 -4.37
98 100.00 .050 .22700 .0250 2.96 2.834 -4.25
99 100.00 .050 .22700 .0125 2.96 2.836 -4.20
21 10.00 .250 .35900 .0625 3.44 3.302 -4.01
32 25.00 .050 .11400 .0125 2.69 2.583 -3.99
91 100.00 .025 .11400 .0125 2.69 2.584 -3.96
92 100.00 .025 .11400 .0062 2.69 2.584 -3.94
18 10.00 .250 .35900 .5000 2.82 2.711 73.88
38 25.00 .100 .22700 .0250 2.94 2.831 -3.71

103 100.00 .100 .45400 .2000 3.94 3.797 -3.64
39 25.00 .250 .56800 2.0000 2.22 2.142 -3.51

123 250.00 .025 .18000 .1000 2.80 2.704 -3.42
31 25.00 .050 .11400 .0250 2.67 2.581 -3.33
90 100.00 .025 .11400 .0250 2.67 2.583 -3.27
62 50.00 .050 .16100 .0500 2.75 2.662 -3.20

129 250.00 .050 .35900 .4000 3.05 2.953 -3.17
37U 25.00 .100 .22700 .0500 2.91 2.824 -2.95
96 100.00 .050 .22700 .1000 2.91 2.824 -2.95
15 10.00 .100 .14400 .0500 2.70 2.662 -2.89
19 10.00 .250 .35900 .2500 3.27 3.183 -2.65
56 50.00 .025 .08000 .0125 2.61 2.541 -2.63
57 50.00 .025 .0800 .0062. 2.61 2.542 -2.61

119 250.00 .010 .07200 .0050 2.60 2.534 -2.55
120 250.00 .010 .07200 .0025 2.60 2.534 -2.55
105 100.00 .100 .45400 .0500 3.93 3.837 -2.38
11 10.00 .050 .07200 .0125 2.59 2.582 -2.24

118 250.00 .010 .07200 .0100 . 2.59 2.533 -2.18
55 50.00 .025 .08000 .0250 2.59 '2.541 -1.91

89 100.00 .025 .11400 .0500 2.63 2.581 -1.86
117 250.00 .010 .07200 .0200 2.58 2.533 -1.81
30 25.00 .050 .11400 .0500 2.62 2.578 -1.61
10 10.00 .050 .07200 .0250 2.57 2.530 -1.54
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Table 5.3.4 (Continued)

CASE NO. 2R/T po/R Bp°  t/T F-LIT SCFDIFF
0 Ref.(l1) RAMSEY

134 250.00 .050 .35900 .0125 3.38 3.342 -1.12
116 250.00 .010 .07200 .0400 2.55 2.533 -0.68
71 50.00 .100 .32100 .0250 3.19 3.168 -0.68
69 50.00 .100 .32100 .1000 3.16 3.148 -0.37

133 250.00 .050 .35900 .0250 3.35 3.340 -0.29
70 50.00 .100 .32100 .0500 3.17 3.162 -0.27
54 50.00 .025 .08000 .0500 2.54 2.539 -0.04

9 10.00 .050 .07200 .0500 2.52 2.527 0.29
36 25.00 .100 .22700 .1000 2.79 2.811 0.75
61 50.00 .050 .16100 .1000 2.63 2.656 0.97
6 13.13 .129 .21300 .1335 2.72 2.750 1.11

114 250.00 .010 .07200 .1600 2.49 2.530 1.59
14 10.00 .100 .14400 .1000 2.56 2.609 1.93

106 10oo0.00 .100 .45400 .0250 3.77 3.843 1.94
115 250.00 .010 .07200 .0800 2.48 2.532 2.08
43 25.00 .250 .56800 .1250 4.42 4.526 2.39
35 25.00 .100 .22700 .2000 2.72 2.786 2.41
87 100.00 .025 .11400 .2000 2.51 2.571 2.45
34 25.00 .100 .22700 .4000 2.56 2.626 2.58
88 100.00 .025 .11400 .1000 2.51 2.578 2.70
60 50.00 .050 .16100 .2000 2.56 2.643 3.24
29 25.00 .050 .11400 .1000 2.49 2.571 3.27
41 25.00 .250 .56800 .5000 3.02 3.123 3.40
53 50.00 .025 .08000 .1000 2.45 2.536 3.50

122 250.00 .025 .18000 .2000 2.60 2.698 3.76
86 100.00 .025 .11400 .4000 2.43 2.533 4.24
59 50.00 .050 .16100 .4000 2.46 2.565 4.27
95 100.00 .050 .22700 .2000 2.69 2.811 4.50
68 50.00 .100 .32100 .2000 2.97 3.122 5.12
8 10.00 .050 .07200 .1000 2.19 2.522 5.51

52 50.00 .025 .08000 .2000 2.39 2.530 5.85
28 25.00 .050 .11400 .2000 2.41 2.560 6.20

137 250.00 .100 .71800 .4000 3.20 3.403 6.35
44 25.00 .250 .56800 .0625 4.28 4.567 6.71
67 50.00 .100 .32100 .4000 2.64 2.820 6.80

121 250.00 .025 .18000 .4000 2.44 2.616 7.20
94 100.00 .050 .22700 .4000 2.49 2.672 7.29
13 10.00 .100 .14400 .2000 2.41 2.586 7.32

128 250.00 .050 .35900 .8000 2.65 2.844 7.34
101 100.00 .100 .45400 .8000 2.72 2.933 7.82

. lrs 4t



Table 5.3. 5- Experimental and Formula Comparisons for Different Thick Shell

and Pipe (R/T and Po/t < 10) Configurations.

Pa R T t Reference SCF SCF %
"EXACT" RAMSEY DIFF.

R-E

1.41 3.67 0.590 0.445 (21) 3.070 2.620 -14.66

0.91 3.652 0.553 0.281 3.360 2.920 -13.10

0.91 3.653 0.555 0.285 3.320 2.915 -12.20

0.56 3.286 1.011 0.093 3.090 2.755 -10.84

0.91 3.656 0.563 0.279 3.280 2.921 -10.95

1.00 19.000 2.000 0.188 2.780 2.571 - 7.52

1.41 3.670 0.590 0.400 2.840 2.745 - 3.35

0.44 3.694 0.568 0.073 (8,11,21) 2.800 2.749 - 1.82

1.09 3.578 0.377 0.434 (21) 2.:280 2.235 - 1.97

1.41 3.315 1.009 0.236 4.110 4.105 - 0.12

0.68 3.658 0.565 0.112 3.040 3.104 2.11

0.91 3.653 0.565 0.227 2.900, 2.985 2.93

0.17 3.516 0.565 0.027 2.450 2.539 3.63

0.51 3.670 0.490 0.218 (16) 2.520 2.683 6.47



Table 5.3.6 - Formula and Experimental Comparison for Thick Shell

and Thick Pipe Configurations.

SCF SCF %

Pa R T t Reference "EXACT" RAMSEY DIFF.

4.78 19.00 2.0 2.405 (17) 3.140. 2.444 -22.17

2.88 9.50 1.0 0.432 (22) 3.779 3.216 -14.90

0.91 3.652 0.553 0.281 (21) 3.360 2.920 -13.10

0.92 3.648 0.546 0.280 3.360 2.928 -12.86

0.91 3.653 0.550 0.285 (17) 3.320 2.915 -12.20

4.13 22.673 4.845 0.94 3.300 2.919 -11.55

0.95 3.653 0.555 0.285 (21) 3.320 2.940 -11.45

0.56 3.286 1.011 0.092 (17) 3.090 2.755 -10.84

0.91 3.656 0.563 0.279 (17, 21) 3.280 2.921 -10.95

3.72 24.844 4.188 0.593 (17) 3.100 2.859 - 7.77

1.45 19.0 2.0 1.144 (17) 2.750 2.547 - 7.38

1.0 19.0 2.0 0.188 (17, 135) 2.760 2.571 - 6.85

0.92 3.650 0.565 0.277 (19) 2.900 2.931 1.07

5.94 22.673 4.845 1.440 (17) 3.300 3.367 2.03

0.91 3.658 0.565 0.227 (17, 21) 2.900 2.985 2.93

0.68 3.658 0.565 0.112 (17, 21) 3.000 3.104 3.47

0.17 3.658 0.565 0.027 2.450 2.538 3.59

0.51 3.620 0.490 0.369 2.220 2.593 16.80
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shells and pipes. The comparison between the formula and

these experiments are presented to illustrate the need to

impose the restrictions presented in Section 5.2. The

differences between the formula and thick shell and pipe

experimental results are -22% to +17%.

The shell/pipe/pad (top and bottom) configurations

(Figure 4.4.1) are listed in Tables 5.3.7 through 5.3.9.

The same categories as shell and pipe are maintained for

the shell/pipe/pad comparisons. The comparisons are for

NASTRAN, formula, and six experimental results. The thin

shell and pipe (R and - > 10) cylinders with a top pad
T t

are presented in Table 5.3.7. The differences of the

formula as compared to NASTRAN for the top pad are -15.9%

to 11.4%. The thin shell and pipe with a bottom pad are

listed in Table 5.3.8. The formula differences for the

bottom pad as compared to NASTRAN and the one experimental

result (24)are -16.1% to +3.2%. The thick pipe ( 2 < 10),
t

thin/thick shell, and pad results are shown in Table 5.3.9.

The last three configurations in Table 5.3.7 and first

three in Table 5.3.9 have only one difference - Poisson's

ratio. There are 0.8% (Table 5.3.7) and 1.0% Iable 5.3.9)

differences between the NASTRAN SCF for all v's = 0.3 and

for v = 0.3, p = vpa = 0.5. Based on these six examples,

the formula only provides a different Poisson's ratio for



Table 5.3.7 - NASTRAN, EXPERIMENTAL, and Formula Comparison for Thin Shell,

Thin Pipe, and Top Pad Configurations.

Pa o R T t p t SCF SCF %
opNASTRAN RAMSEY Diff.

2.42

2.50 25 0.2 0.16 4.25 0.125 2.403 2.384 - 0.79

7.09
7.25 50 0.32 0.32 11.25 0.25 2.889 2.976 3.01

4.84
5.01 50 0.4 0.34 8.5 0.25 2.369 2.338 - 1.31

8.712
9.00 90 0.72 0.576 14.75 0.50 2.303 2.389 3.73

10.842
11.2 112 0.896 0.7168 19.85935 0.50 2.403 2.377 - 1.08

10.842

11.2 112 0.896 0.7168 20.0 1.00 1.945 1.848 - 4.99

14.52
15.00 150 1.200 0.96 23.0 1.00 2.154 2.400 11.42

13.309
13.65 112 1.25 0.6825 24.999 1.50 2.134 1.795 -15.89

13.0
13.65 112 1.25 1.3 24.999 1.50 1.868 1.883 0.80

12.031 I

12.50 125 1.25 0.938 21.5 1.50 1.924 2.030 5.51

12.25
12.50 50 2.00 0.50 21.0 1.50 2.908 2.772 - 4.68

13.309
13.65 112 2.1667 0.6825 24.999 1.50 2.421 2.620 8.22

10.7667
11.2 112 2.1667 0.86668 18.5625 1.50 2.396 2.533 5.72

13.0
13.65 112_ 2.1667 1.3 24.999 1.50 2.259 2.479 9.74



TABLE 5.3.7 - (Concluded)

SCF SCF CFtSExact

p /Po R T t I p t NASTRAN RAMSEY Diff. Or Notes
a 0 t I op op or Notes

13.2
13.75 72 2.215 1.10 23.0 1.50 2.783 2.533 - 8.98

10.752
11.2 112 8.96 0.896 20.64 5.00 2.316 2.215 - 4.36

3.032 - 3.85 Ref. (14)
3.172 24.312 0.625 0.28 5.25 0.625 2.498 2.461 - 1.F 2.60

- 5.35 Z)=0.3

3.032 v
3.172 24.312 0.625 0.28 5.25 0.625 2.484 2.546 2.50 Qpad=0.3

3.032 =0.53.172 24.312 0.625 0.28 5.25 0.625 2.476 2.546 2.83 p=5
0.62" .)



Table 5.3.8 - NASTRAN and Formula Comparison for Thin Shell,

Thin Pipe, and Bottom Pad Configurations.

--- T - ---- -

Pa/ R T t p t SCF SCF % "Exact"
ao R ip ip NASTRAN RAMSEY DIFF. Ref. (24)

10.842
11.2 112 0.896 0.7168 20.25 1.00 1.779 1.835 3.15

13.0
13.65 112 1.25 1.30 25.0 1.50 1.824 1.883 3.23

13.2
13.75 72 2.215 1.10 23.0 1.50 3.019 2.533 -16.10 -

35 21.813 1.625 0.469 9.869 2.75 1.827 -3.84 1.900

Table 5.3.9 - NASTRAN, Experimental, and Formula Comparison for

Thick/Thin Shell, Thick Pipe, and Top Pad Configurations.

a/ R T Pop top NOTES SCF SCF SCF % DIFF

a op op NASTRAN "EXACT" RAMSEY N-E/R-N R-E

4.782 (15) -4.42

5.0785 19 2.0 0.593 9.482 2.0 2.399 2.51 2.277 -5.09 -9.28

4.782
5.0785 19 2.0 0.593 9.482 2.0 vp=0.5 2.349 2.355 0.26

4.782
5.0785 19 2.0 0.593 9.482 2.0 v=vPA=C.5 2.372 2.355 -0.72

2.88 (17)

3.095 9.5 1.0 0.43 4.858 2.0 2.07 2.105 +1.7

2.88 (17)
3.095 9.5 1.0 0.43 5.437 1.1i25 . 2.22 2.149 -3.2

(22)

2.8815 9.5 1.0 0.432 5.4375 1.125 2.295 2.145 -6.5

(a) Thick Shell.
co



Table 5.3.9 (Continued)

p/p R T t p t SCF SCF
o op op NASTRAN RAMSEY DIFF.

12.285
13.65 112 2.1667 2.73 24.999 1.50 1.914 2.195 14.68

12.01
14.25 112 2.9867 4.48 18.0 2.00 2.212 2.246 1.54

12.285
13.65 112 1.25 2.73 24.999 1.50 1.379 1.215 -11.89

(b) Thin Shell
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the shell and pipe. The overall differences between NASTRAN

and the formula for the shell/pipe/and pad (top and bottom)

are -16.1% to 11.4%. The comparisons between experiments

and the formula are -9.3% to 1.7% differences.

The NASTRAN/formula comparisons for shell, pipe, and

pads configurations (see Figure 4.5.1) are presented in

Table 5.3.10. All of these results are for thin shell and

pipe except the three thick pipe configurations denoted

by an asterisk (*) in the "exact" column. The "two pad"

experimental investigation presented in Chapter III is also

included. The configuration that is presented in Appendix A

as a representative NASTRAN program is indicated by

"Appendix A" in the "exact" column. Most of the SCF values

obtained are for configurations that represent current

pressure vessel analysis, design, and construction - i.e.

identical inner and outer pad thicknesses and outside radii.

The fifth through the seventh configurations in Table 5.3.10

have different geometries for the two pads. The accuracy.

of the formula for these examples is approximately +6%.

The overall accuracy is -8.91% to +14.65% difference.

Figures 5.3.2 and 5.3.3 are representative of the

manner in which peak stress concentration factors (SCF) for

a pressurized cylindrical shell are affected by (1) thick-

ness and curvature of shell and hole size ( pa), and

(2) reinforcement configurations (pipe and pipe/pad(s)).



Table 5.3.10 - NASTRAN, Experimental and Formula Comparison for Thin
Shell, Thin Pipe, and Pads Configuration.

a &0 R T t Pop tp pP t SCF SCF SCF %
a o OP NASTRAN "EXACT" RAMSEY DIFF.

2.42
2.50 25 0.2 0.16 4.25 0.125 .4.25 0.125 1.871 1.870 0.05

7.09
7.25 50 0.32 0.32 11.25 0.25 11.25 0.25 1.940 ** 2.032 4..74

4.84

5.01 50 0.4 0.34 8.5 0.25 8.5 0.25 1.846 1.832 - 0.76

8.712
9.000 90 0.72 0.576 14.75 0.50 14.75 0.50 1.735 1.881 8.42

10.842
11.2 112 0.896 0.7168 19.85935 0.50 19.85935 0.50 1.967 1.856 - 5.64

10.842
11.2 112 0.896 0.7168 19.85935 0.50 17.43 0.75 1.855 1.871 0.86

10.842
11.2 112 0.896 0.7168 19.85935 0.50 19.85935 1.00 1.656 1.757 6.10

14.52
15.00 150 1.200 0.960 23.0 1.00 23.0 1.00 1.659 1.902 14.65

13.309
13.65 112 1.25 0.6825 24.999 1.50 24.999 1.50 1.383 1.544 11.64

13.0
13.65 112 1.25 1.3 24.999 1.50 24.999 1.50 1.295 1.204 - 7.03

12.285
13.65 112 1.25 2.73 24.999 1.50 24.999 1.50 1.032 1.000 - 3.10

12.2512.50 50 2.00 0.50 21.0 1.50 21.0 1.50 2.177 1.983 - 8.91

13.309
13.65 112 2.1667 0.6825 24.999 1.50 24.999 1.50 1.904 1.832 - 3.78

10.7667
11.2 112 2.1667 0.86668 18.5625 1.50 18.5625 1.50 1.876 1.920 2.35

o



TABLE 5.3.10 - (Concluded)

SCF SCF SCF %

Pa & p R T t PoP top iP tip NASTRAN "EXACT" RAMSEY DIFF.

13.0
13.65 112 2.1667 1.3 24.999 1.50 24.999 1.50 1.820 1.800 -1.10

12.285 1.615 -. 68
13.65 112 2.1667 2.73 24.999 1.50 24.999 1.50 1.626 * 1.615 -0.68

13.2 APPENDIX

13.75 72 2.215 1.10 23.0 1.50 23.0 1.50 1.957 A 1.856 -5.16

12.01 -465
14.25 112 2.9867 4.48 18.0 2.00 18.0 2.00 1.935 * 1.845 -4.65

10.752
11.2 112 8.96 0.896 20.64 5.00 20.64 5.00 1.527 1.701 11.40

Ref.(23&24) 9.11

5.90 1.80 -6.42

6.13 21.813 1.625 0.460 9.86 1.38 9.86 1.38 1.964 1.838 2.11

o
r)
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5 Force Po = 13.65
R = 112.0

T = 2.1667

3 po = 0.5632
v= 0.3

Inner or outer pad:

Outside radius = p = 25.0

Thickness tp = 1.5
3Pp

Pipe

2 Pipe and pad
2

Pipe and pads
I-

1-

I I

0 .1 .2

p0 t

RT

Figure 5.3.2.- Effect of reinforcement (pipe and pipe/pad(s) configurations)

on peak SCF for a pressurized cylindrical shell ( 3p = 0.5632).
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Force

6 p0 = 13.65

R = 112.0

T = 1.25

5 po = 0.7414

= 0.3

Inner or outer pad :

4 
Outside radius = p = 25.0

Thickness = 1.5= t

C)

)Pipe

Pipe and pad

Pipe and pads

1-

0 .1 .2 .3
pot

RT

Figure 5,3.3,- Effect of reinforcement (pipe and pipe/pad(s) configurations) on peak SCF
for a pressurized cylind8rca shel (pp0 = 7414).
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The force value in each figure was obtained from Figure 5.3.1.

For both 8po = 0.5632 and 8po = 0.7414, the largest

reduction in SCF is due to the reinforcement either offered

from a "thick" pipe or from a "thin" pipe and one pad. This

was typical of all results obtained. The SCF reduction due

to a second pad was always minor in comparison to that

obtained from a thick pipe or pipe/pad configuration.

Although more pronounced for the smaller Bp (analogons to

smaller hole), the peak stress concentration factors for the
Pot

shell and pipe rapidly increase as RT decreases. This

is indicative of the transverse shear effects (small p /T).

Extension of the pipe and pad(s) curves to the peak SCF

ordinate at t = 0 yields the answer for the shell/force/

pad(s) configurations.

5.4 Force and Pad(s)

It was stressed in Chapter IV that the primary thrust

of the analysis would be for the cases previously presented.

Another type of configuration can be solved by the formula.

This is for t = 0 and the hole reinforced by one or two

pads. Table 5.4.1 contains comparisons of formula to NASTRAN

results for thin, pressurized, cylindrical shells with pad(s)

reinforcing a hole covered with a membrane (force only).

This type of configuration is identical to Figure 4.2.1

plus one or two reinforcing pads. The formula results for



Table 5.4.1 - Comparison of Formula to NASTRAN Results
for Thin Shell with Pad(s) Reinforcing a Hole.

t TOP
p R T p t T SCF SCF %

a p p o NASTRAN RAMSEY DIFF

4.84 50 0.4 8.5 0.25 TOP 5.158 4.691 - 9.05

4.84 -.50 0.4 8.5 0.25 BOT. 3.589 4.029 12.26

10.842 112 0.896 19.86 0.50 TOP 5.174 4.678 - 9.59

10.842 112 0.896 19.86 0.50 BOT. 3.810 4.006 5.14

12.031 125 1.25 21.50 1.50 BOT. 3.656 3.840 5.03

13.2 72 2.215 23.0 1.50 TOP 3.912 4.097 4.73

11.0 72 1.44 20.0 1.875 TOP 3.766 4.133 9.75

11.0 72 1.44 20. 1.875 BOT. 3.654 4.133 13.11

(a) Force and Pad

aR T p t p tip SCF SCF
a p ip NASTRAN RAMSEY DIFF

4.84 50 C.4 8.5 0.25 8.5 0.25 3.197 3.057 - 4.38

8.172 90 0.72 14.75 0.50 14.75 0.50 2.655 2.620 - 1.32

10.842 112 0.896 19.86 0.50 19.86 0.50 3.364 3.021 -10.20

11.0 72 1.44 20.0 1.875 20.0 1.875 1.668 1.580 - 5.28

(b) Force and Pads
H\
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the top pad configuration have an accuracy of approximately

+9.7%, whereas all of bottom pad stress concentration factors

were 5% to 13% above the NASTRAN results. All of the force

and pads formula results were below the NASTRAN answers.

The difference range is -10.2% to -1.3%.
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CHAPTER VI

DISCUSSION OF RESULTS

This study provides numerical predictions of peak stress

concentration factors around nonreinforced and reinforced

penetrations. Numerical results have been correlated with

published formulas, as well as theoretical and experimental

results. Most of the configurations have been for thin

shells, and all are based on linear elastic structures.

Some thick shell NASTRAN and published results were obtained.

An accuracy study was made of the finite element program

for each of the configurations considered important in

pressure vessel technology. A formula was developed to

predict the peak stress concentration factor for analysis

and/or design in conjunction with the ASME Pressure Vessel

Code. The accuracy of the empirical formula is determined

by comparing to numerical, theoretical, and 
experimental

data.

The peak stress concentration factors (SCF) presented

in Chapter V have confirmed that the 3.3 limit imposed by

the ASME Code is indeed conservative for the vast majority

of cases. The peak SCP results due to reinforcement (pipe

or pad(s)) around a circular penetration in cylindrical,

pressurized shells suggest a different number. If fact,

78.5% (124 out of 158) of the shell and pipe configurations
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were less than 3.3. Using the procedure for a well designed

penetration presented in Ref. (25) and shown approximately

in Figure 5.2.1, the one pad problems (32) were checked

for ASME Code reinforcement requirements. The six "coded"

pad configurations are as follows: Table 5.3.7, first two

t = 1.25 configurations (SCF = 2.134 and 1.868); Table 5.3.8,

second and fourth configurations (SCF = 1.824 and 1.827);

and Table 5.3.9, first T = 1.0 and T = 1.25 configurations

(SCF = 2.07 and 1.379). All of the other 26 one pad

configurations were not "coded" and yet had peak SCF results

equal to or below 3.0. The two pad problems were mostly

"coded" (by choice). The seven configurations in Table 5.3.10

which are not "coded" are the first five examples and those.

with T = 1.2 and T = 4.48. For the two pad configuration

only one of the twenty problems had a peak SCF outside of

the range of 1.0 to 2.0. This was a "coded" pads config-

uration (T = 2.0 and R/T = 25) with a peak SCF = 2.177.

Based on these results, a "thick" pipe (Figure 5.3.3),

"coded" pad, or two pad configuration would have a peak

SCF of about 2.2 (2/3 of the 3.3 limit), whereas the shell

and pipe configuration could achieve the "well designed

penetration" (SCF = 3.3) definition.

All of the peak SCF results are summarized in Table 6.1

according to thick, thin, or membrane shell definitions.

The NASTRAN results compared to published values, +17.4% to



TABLE 6.1

SCF % DIFFERENCE SU IARY

THIN SHELL & PIPE THIN SHELL & THICK PIPE MEM. SHELL & THIN PIPE THICK SHELL & PIPE

CASES NASTRAN RAMSEY * RAMSEY NASTRAN RAMSEY RAMEY NASTRAM RAMSEY RAMSEY NASTRAN RAMSEY RAMSEY

STO TO TO TO TO To TO TO TO To TO

EXACT NASTRAN EXACT EXACT N.ASTAN EXACT EXACT NASTRAN EXACT EXACT NASTRAN EXACT

FORCE - 8.93 -12.84 - 4.97
TO TO TO -- -7.66 14.37 5.61 - -

17.40 8.60 4.71

PIPE -14.04 -14.42 -15.38 -4.03 - 3.90 -10.85 -22.17

TO TO TO TO TO TO 24.91 - TO

+ 8.88 14.28 12.99 -0.55 18.24 12.88 16.80

PIPE - 3.85 -16.10 -5.35 -11.89 -5.09 -9.28

& TO TO TO - 3.01 - -4.42 TO TO

PAD 11.42 -3.84 14.68 -0.72 +1.70

PIPE - 8.91 - 4.65

& 9.11 TO 2.11 TO 4.74

PADS 14.65 - 0.68

FORCE - 9.59
& TOP - TO - -

PAD 9.75

FORCE
& BOT - + 5.03

PAD +13.11PAD

FORCE -10.20
& - TO - -

PADS - 1.32

0



-8.9%, are high, as expected, when the membrane category is

approached and low for an almost thick shell. This same

general trend is true for the shell and pipe examples. The

thin shell and pipe NASTRAN accuracy is +8.8% to -14.0%.

There is not enough data to determine any trend for the pipe

and pad(s) NASTRAN results.

The formula results compare favorably with NASTRAN and

the published "experimental, theoretical, and numerical"

data. The results for individual comparisons to NASTRAN

and "exact" are shown in Table 6.1 by categories. The

thin shell approximate percent difference results are as

follows: force, +4.8%; pipe, +14.4%; pipe and pad, +13.7%;

pipe and pads, +11.7%; force and top pad, +9,7%; force

and bottom pad, 13%; and force and pads, -10%.

One application of this formula is to an ASME Code

"hillside" (elliptical hole) penetration. The amplification

factor by the code for this penetration is 1 + 2 sin 2 (the

angle the axis of the pipe makes with the normal to the

shell wall). Two experimental results were obtained.
(1 5 ,3 8 )

This amplification factor was multiplied times the (circular)

peak SCF from the formula to obtain the following comparisons:

1. "Exact" SCF = 1.840(15) vs formula SCF = 1.826

(-0.8% difference) for pa = 4.782, R = 19.0,

T = 1.0, t = 0.593, pop = 7.438, top = 11.625

v = 0.3, and the angle = 200.
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2. "Exact SCF = 2.897(38) vs formula SCF = 2.897

(-9.9% difference) for pa = 11.94, R = 69.185,

T = 1.995, v = 0.3, and the angle = 450
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CHAPTER VII

SUMMARY

The effect on stresses in *a cylindrical shell with a

circular penetration subject to internal pressure has been

investigated. A general purpose finite element (NASTRAN)

computer program was utilized to supplement the limited

data for reinforced penetrations. A mesh generation

computer program was developed to "automatically" punch

input cards in the format acceptable to NASTRAN. This

program is readily adaptable to solving a general finite

element shell problem. The NASTRAN compatibility equations

for a shell/pipe or a shell/pipe/pad(s) configuration were

successfully implemented. This provides a quick access to

a detail SCF for a reinforced nozzle in a pressure vessel.

The accuracy of the finite element model has been investi-

gated. Moreover, for an immediate, approximate solution

to this complex problem, the formula may be utilized.

The formula is (1) more accurate than the published

nonreinforced penetration formulas and, (2) believed to

be the only formula applicable for reinforced penetrations

in pressurized cylindrical shells. The accuracy of the

formula was determined by comparing to the numerical,

theoretical, and experimental data. It has been shown that

the shell and pipe configuration can easily achieve the
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"well designed penetration" (SCF = 3.3) definition. A

reinforced penetration (thick pipe, coded pad, or two pads)

would have a peak SCF of about 2.2 (2/3 of the 3.3 limit).

This formula can be used to obtain the peak stress

concentration factor for reinforced or nonreinforced pene-

trations in pressurized cylindrical shells. Thus, in the

analysis and design of a new pressure vessel, the formula

could save (1) the time to perform a detail analysis;

(2) the time to construct the reinforcing pad(s) which are

not always required; and (3) the extra cost of materials,

fabrication, and weld examination. Also, fatigue

analyses can be performed to obtain the remaining life in

the penetration welds of cylindrical shells. If the

remaining life is small or exhausted, then a nondestructive

examination (NDE, i.e. magnetic particle, ultrasonic, or

radiographic) and/or repair of these penetrations would

be performed.

This type of verification (analyses and partial field

work) of structural integrity of welds is invaluable since

it is not practical to examine and/or repair every weld

in all pressure vessels. The economics and feasibility of

a validation program (6000 pressure components at Langley

Research Center within the next five years) would be

impractical without this formula. There have been six

tunnels (pressure vessels) for which this procedure (formula
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and NDE) has been followed. For example, the world's first

known "cryogenic" tunnel utilizing nitrogen as the working

medium(40) incorporated this formula in obtaining the

expected life of this facility.



116

REFERENCES



117

LIST OF REFERENCES

1. Lekkerkerker, J. G.: On the Stress Distribution in
Cylindrical Shells Weakened by a Circular Hole.
Ph.D. Dissertation, February 1965.

2. Van Dyke, P.: Stresses About a Circular Hole in a
Cylindrical Shell. Journal, AIAA, Vol. 3, No. 9,
September 1965, pp. 1733-1742.

3. Eringen, A. C.; Naghdi, A. K.; and Thiel, C. C.: State
of Stress in a Circular Cylindrical Shell with a
Circular Hole. Welding Research Council Bulletin,
No. 102, January 1965.

4. Savin, G. N.: Stress Concentration Around Holes.
Pergamon Press, New York, 1961, pp. 114-116.

5. Durelli, A. J.; del Rio, C. J.; Parks, V. .J.; Feng, H.:
Stresses in a Pressurized Cylinder with a Hole.
Proceedings, ASCE, Vol. 93, No. ST5, October 1967,
pp. 383-399.

6. Lur'e, A. I.: Statics of Thin-Walled Elastic Shells.
Moscow, 1947, TRANSL. AEC - TR - 3798, 1959,
pp. 147-200.

7. Prince, N.; and Rashid, Y. R.: Structural Analysis of
Shell Intersections. First International Conference
on Pressure Vessel Technology, ASME, Design and
Analysis, September 29 - October 2, 1969, pp. 245-254.

8. Eringen, A. C.; Naghdi, A. K.; Mahmood, S. S.;
Thiel, C. C.; and Ariman, T.: Analysis of Stress
and Deformation in Two Normally Intersecting
Cylindrical Shells Subject to Internal Pressure.
General Technology Corp., Tech. Report, No. 3-8,
December 1965.

9. Baker, E. H.; Capperi, A. P.; Kovalevsky, L.; Rish, F. L.;
and Verette, R. M.: Shell Analysis Manual. NASA
CR-912, April 1968, pp. 77-79.

10. Savin, G. N.: Stress Distribution Around Holes.
NASA TT F-607, November 1970.



118

11. Eringen, A. C.; Naghdi, A. K.; Mahmood, S. S.;
Theil, C. C.; and Ariman, T.: Stress Concentrations
in Two Normally Intersecting Cylindrical Shells
Subject to Internal Pressure. Welding Research
Council Bulletin, No. 139, April 1969.

12. Hansberry, J. W.; and Jones, N.: A Theoretical Study
of the Elastic Behavior of Two Normally Intersecting
Cylindrical Shells. Journal of Engineering for
Industry, Transactions, ASME, August 1969, pp. 563-572.

13. Leckie, F. A.; and Penny, R. K.: Stress Concentration
Factors for the Stresses at Nozzle Intersections in

Pressure Vessels, Welding Research Council Bulletin,

No. 90, September 1963, PP. 19-26.

14. Cranch, E. T.: An Experimental Investigation of
Stresses in the Neighborhood of Attachments to a
Cylindrical Shell. Welding Research Council Bulletin,
No. 60, May 1960.

15. Pickett, A. G.; and Grigory, S. C.: Cylic Pressure
Tests of Full-Size Pressure Vessels. Welding
Research Council Bulletin, No. 135, November 1968.

16. Leven, M. M.: Photoelastic Determination of the
Stresses in Reinforced Openings in Pressure Vessels.
Welding Research Council Bulletin, No. 113, April 1966,
pp. 25-52.

17. Mershon, J. L.: PVRC Research on Reinforcement of

Openings in Pressure Vessels. Welding Research
Council Bulletin, No. 77, May 1962,.

18. Riley, W. F.: Experimental Determination of Stress
Distributions in Thin-Walled Cylindrical and

Spherical Pressure Vessels with Circular Nozzles.
Welding Research Council Bulletin, No. 108,
September 1965, pp. 1-10.

19. Mershon, J. L.: Preliminary Evaluation of PVRC Photo-
elastic Test Data on Reinforced Openings in Pressure

Vessels. Welding Research Council Bulletin, No. 113,
April 1966, pp. 53-70.

20. Leven, M. M.: Photoelastic Determination of Stresses
at an Opening in a Thin Walled Cylindrical Pressure

Vessel. Pressure Vessel Research Committee,
Report 67-9D7-PHOTO-R1, August 1967.



119

21. Taylor, C. E.; and Lind, N. C.: Photoelastic Study of

the Stresses Near Openings in Pressure Vessels.
Welding Research Council Bulletin, No. 113, April 1966,
pp. 1-24.

22. Hardenbergh, D. E.; Zamrik, S. Y.; and Edmondson, A. J.:

Experimental Investigation of Stresses in Nozzles in

Cylindrical Pressure Vessels. Welding Research
Council Bulletin, No. 89, July 1963.

23. Kitching, R.; and Perkins, J.: Stress Analysis of Rim

and Ring Reinforced Openings in Pressure Vessels.
Journal of Nuclear Engineering, June 1963, pp. 192-
194.

24. Wells, A. A,; et al: Stress Analysis of Nozzles in

Cylindrical Pressure Vessels. Institution of
Mechanical Engineers, Proceedings of Pressure Vessel

Research Towards Better Design, January 1961.

25. ASME Boiler and Pressure Vessel Code. Section VII,
Divisions 1 and 2, 1974 Edition.

26. Lind, N. C.: Stress Concentration of Holes in Pressur-

ized Cylindrical Shells. AIAA Journal, Vol. 6,

No. 7, 1969, pp. 1397-1938.

27. Mershon, J. L.: Reinforcement of Openings Under

Internal Pressure. Welding Research Council

Bulletin, No. 95, April 1964.

28. McCormick, C. W.: The NASTRAN's User's Manual.

NASA SP-222(01), June 1972.

29. Ramsey, J. W., Jr.: Finite Element Analysis for

Buckling of Semirigid Space Frames, Master's Thesis,
University of Virginia, June 1968, pp. 3-18.

30. MacNeal, R. H.: The Theoretical Manual. NASA SP-221,
September 1970.

31. Clough R. W.; and Johnson, C. P.: Finite Element

Analysis of Arbitrary Thin Shells. American Concrete

Institute, SP-28, 1971, pp. 333-364.

32. Clough, R. W. and Tocher, J. L.: Finite Element

Stiffness Matrices for Analysis of Plate Bending.
Proc. of Conference on Matrix Methods in Structural

Mechanics, Air Force Flight Dynamics Laboratory
Report AFFDL-TR-66-80. December 1965.



120

33. Melosh, R. J.: The Optimum Approach to Analysis of

Elastic Continua. Proceedings, Computer Oriented

Analysis of Shell Structures, AFFDL-TR-71-79,
June 1971, PP. 862-898.

34. Timoshenko, S.; and Wolnowsky - Krieger, S.: Theory

of Plates and Shells. McGraw-Hill Book Company, Inc.,
New York, 1959, pp. 466-532.

35. Billington, D. P.: Thin Shell Concrete Structures.
McGraw-Hill Book Company, Inc., New York, 1965,

pp. 1-35.

36. Langhaar, H. L.: Energy Methods in Applied Mechanics.

John Wiley and Sons, Inc., New York, 1962, pp. 177-200.

37. Norris, C. H.; et al: Structural Design for Dynamic

Loads. McGraw-Hill Book Company, Inc., New York,

1959, pp. 61-72.

38. Taylor, J. T.; Lewis, P. E.; and Ramsey, J. W., Jr.:

A Procedure for Verifying the Structural Integrity of

an Existing Pressurized Wind Tunnel. ASME National

Pressure Vessel Conference, June 1974; and ASME JEMT,
October 1974, pp. 283-291.

39. Wilson, J. F.; and Taylor, J. T.: An Automated Program
for Reinforcement Requirements for Openings in

Cylindrical Pressure Vessels. NASA TMX 72648,
January 1975.

40. Wilson, J. F.; Ware, G. D.; and Ramsey, J. W., Jr.:
Pilot Cryo Tunnel: Attachments, Seals, and Insulation.

ASCE National Structural Conference, No. 2239,

April 1974.

41. Houghton, D. S.; Rothwell, A.: The Effect of Curvature

on the Stress Concentrations Around Holes in Shells.

The College of Aeronautics, Cranfield, England,
No. 156, May 1962.

42. Reissner, E.: On Transverse Bending of Plates, Including
the Effect of Transverse Shear Deformation. Int. J.

Soilds Structures, Vol. 11, 1975, pp. 569-573.

43. Narayanaswami, R.; and Adelman, H. M.: Inclusion of

Transverse Shear Deformation in Finite Element

Displacement Formulations. AIAA Journal, Vol. 12,
No. 11, November 1974, pp. 1613-1614.



121

44. Narayanaswami, R.: New Triangular Plate-Bending Finite
Element with Transverse Shear Flexibility. AIAA
Journal, Vol. 12, No. 12, December 1974, pp. 1761-1763,



122

APPENDICES



mr'

__ -JUNE .-.-28+--~--974- --NASTRAN---2/-
--- ------ '~-~---------

------L-- -- ---- --

;i.~i N ~ f f R d N F1L?: r II r r v E rO._N14~ LLL--~EUC--E--~- CLn -~----- ------ ----
-~~-'------------

- ------ ---- - ------ -- ----
I --- -

----------- t ....-- --------------
-- I- --

__ ______ ------- --------- -- ~-----
lo RkYtLZrLLLZOULL ---- ---------------- - - -

aPpD~SP~L4~Er~E~I--------------------~-
~nl ~.n ----- _~____

1L~-~r-------------__------- ' ---------------- - ---- ---------------------
- ~END-.-------------- ---- ___~~___ --------

-------- --------
---------- -------- -. _--~------------------

---------------
I-------- .... --------------

~-----
_ -------------- ----- --

--- ----- --- ~----- --------------
------

-- APPEHDI~X A .------------------- --- ---- --- - ------~-~--~-~- - ~
- '------------ ---- ~--

SAMPLE NASTRAN COMPUTER PROGRAM
----- - --------

-------------i SHELL, PIPE, Ai~D PADS -- --------------- ~--
_ ___~~---------- -----------

_ r I------- --- ---
-- -------

4 ;13.2; 2' ~2. T 2.215; r = 1.10; Pop'23.0i t00-1.50.
--

- r Plp.23.0; tlp 1.50.~ ------
- ------ ----- --

_~ ~--.- ------- ------ -- - -- ----~----~----~-
--- ~---------- ---- ------

------- '_ ~___ _-_1------
-------- ------------------

_ __
__ ~._-------

----------- _ _~_~ ~~_ _----------------------------
~~ -----------

- ---- ~----
- ____________---------- _

-_-------
_ ---------

- __
__~--------- ---

---------------- .___-~-----------------
---------------------- -----

- ----------
-- ------ ~- --- ' TU

- ----- --- ---------- ---~---~~----------- ------------- W-- ------------~~----
------ ------------ _~__~_ -----------------

~~__------_ _-----
~_ ~ ----.-- ~~---- ----

~__~_ _ __----- ----____ ---- ---
__~ ~__-_L--------



PIPE ANG BflTH PAny, PFTNFnr.Fn MOLE I N CYLIN-DRI-CAL -SHELI JUNE- 28-9197A4--NAS.RAN-2f-
A=1A.200 RR- 72-0 TS=?221 TP=1.100 IPADl=I,501kOFf=j.5( ____

ITPT__ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

______________as_______nN -7-R-0 F n F: C -K- E C--H--L _ _ _ _ _ _ __-

LAF = &L I TPT ________-
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a 'INE=-35 _____________
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PRPE AND ROTH OAnS REJ:nr _Fn H nL E TN CY LTNIrCL-SHELL JUNE-- 28-r-974---NASTRAN-2/-

281,--t- 4---- 1 T/,---A=1 7.3an RR= 77.0 TR=7?-715 TP=1I10 TPAn=1.50n P ll,- o0

&=- i= on an It * -A4 A-EC-H-O---------- ---

CARD
, _, iNT I 3 ...- 5-.... -- *. . 9 -

1- R7 40 0.0-- 00 .0--00- 0.------ 000.--.----

2- ,, r + *Z1 00 n 00 ----- 1 0--
3- rwllan2 727 51 727 _22 2724--------23-

4- c. .n 22R 7 1 .228--- 229--225---224- -

5- CQ UllA2- -229 51---229----2 30-----226--- 225-

A- C 0UAD? 231 51 _.231-- 232.-- 228---2 2?L

7- ro)UAD 23L_ 51 -232--.- 233-- 29 2 28--- -- -

R- CO'UAD2233 51----233- 234--- 230 -- 229------

9- rfoIIAn2 715 1 235 236 232 31

10- rAD.2_ 636- 51 3--6 237--- 233 -- 232-----

11- COUAD25 23 51 237 --- 238 234- -2 33--

17- oUADL239_ 51 239...- 240 - 236 -- 235

13- .CUAD2__240.__ 51 .--. 240 --. 241 ..-- 237 - 236 _

14- _Cn(U2 ID2 4L- 51 241-- 242 --238-.. 237-

15- Crm An? 7 34 51 741_ 44-240 --- 239

16- OLADi I.244 5__- 244-. -- 245 .----- 241 -- 2 40- - -----

17- f.UA.D2i 2A2.. 245-5- .246- 242. -- 241-

18- OUA0 D 24 '7. 51 -247..--2
48 244 --- 243 ..---

19- CIUA 2.48- 1 ------ -2 4 8 -- 249--245 ---- 244

n0- .UItAD2249 51 249 250 246-- -245.-

1- rAlaf? 2 751 %1 _21 _5? 248 -24L7

72- cUA?_27 2 51 25 2--25
3  249.---24 8

71- cDLU.D 253 51i .. 25---254-- 250--- 249

24- rCj)uAD2 628 _ 41 62 8- 632- 633 3.--- 631--
?5- I. I 9 629 --- 631 --- 642 -. 643-

76- C!QUAD2 __63Q A_l .63QG .. 637. - 638 ...... 632-

27- f L lAn2 All -41 -6-1 • 3 --- 641- - 4 7

8- C(UAD l2_ 632 41 632..--638 __ 6. 639 ... 633---

9- U An? A6 41 63 3-- 39-- 640-- 641-

30- rQUD26.3_ Q_3A 41 634._653-651 _.635--

31- Ct_. IAD_635 41 635 -. 651- 652 .- 636---

_2.- C3JIAfD2___636 .A41 . 636 --- 652-- .-653 -- 637---- --

. 6 17 41 3.7------6 5 3-- 654 ---. 6 ----
"6-- UJU -)2638 1- .--. 638--654 ------ 655 ...-- 619- --

35- _C_ .JAa2_-- n -------- 639----655 -- -656 -- 640-----q - -------- rQAZ6 M 68 64 -65 -3 - ----

-------- _ - -tn i A S 656--- ---



- P1P, ANn ROTm P 
.j UNE-.- 2 SIf--29 - 9-74- NAS-TR AN-2/A

TPT

C01 IN T --- 9 I------
U --- - " C5 8 -"-

36- .C . _6 ---- -- 6401.. 640 -- 658 .... 659

41- QUD Z1 645 .. 644- 662--663 ----

42- COUAN2 64 A 1 _ - 646 - -4- -663-- -664--3- C)U 2 5 1 62,L73-0 7---675 657-----
1-- 64_74a4-----25 ----66-----67

4L- 8L5 - 41 6_ __- 6_______ 36_-6. . 6_94_--- .8_5

4 ._.2- _1 c (5 u. D2___7 03_.41 --- -702 --- 704 70.. .. 5 .0- 73

U _704 -4L - 704.. 706- ..... 707-----. 7054.8 - CLLAD._06-L- 706---0--

4 -DU 2 2.1 -7 . . .0 -08 712 713 ...... 709.
50-n 2 7 zq_ 7IA 714_ _7.10

M51- C(U ._ ----- 41 - .-7 .110- 71 -- 715 -. 711----
~5U- AD 7124 LI-__Z-- -- 1 _ -- 6 - . - - --716 .717

54 - .JUA2 -. 713. 1 .. 13l ~71 .- 7189-..715-----

57- C(UA2971f -4L-- 718---722 723 -719

59- C!.UAD2._ 721 . 41 . . .. l7 25. .726..---------- 227

- ,L 2 2_ 41 - .727 . 726-- 727 .. . 723_ -----

)1 _U.kaf2__724___l 41 ] -724--- 72 6 2 9 -- -7 25

F.?- r nij 7f2725  41 7i 729 730. - 726-

63- CQU .2 26 4L . .126 - 730. .731 2-------- -

64- -rT A2 55 51 755 21_56-- 251 -

_65- CT4RA2 25.6 51 256. 25 L --- 252 --

_________26. . TA .SL 51 25-. .58 257
7- C IR IA 2 58 51 _ 25 59-- -253-

TD_ 201q 51 259 26--253 - --------------------

- C TRI.A2. 260 1. 6-- _ 2-616 25 - - ---------------------70- -..CTRT 2 _1 62_. _263- 255- - - ON



PIPE AND ROT PADIS RFTNFORCnF HO' l IN CvL INDRtCAL-- HFLL -JUNE---28 Z-t--9-- ----- NA STRAN---2-/
A=13.2)o0 RR= 7-0 TS= - 71 T=1 l-ln TPAn-1 En--00--Q .- 7-50-

I TPT

S0 R TED ----- ---- A T----C-H-
CAn
SCOUNT_ 2- - . D-.... -,5 .... -6-.. - -----------10-

71- C T RA263 ------ 51----263----264- 256 --

72- C -I A2-- 264----51- -- -264- -- 265---256- -
71- rFLTR T ' 51 7 265---Z66- 257
7.4- CtR A2-- _266 --- -51 -266----267----257---
75- C-R A2--- 267-51 7----267---268--258 --------
76- C TRIA2 68--- 268----269 -- 258
77- r TR a. 2. 9 51 269 1.20. - 59--

78- CTR L-.2.0 51 .. 270---271-- 259
79- CTR T a2 771 51 77-1 2 60

RO- C.T RI A2 272_ .51 272. .273 .26--
-A 81- TRI'2_21 . 51 -273-- 274-- 261
87- CTRIA2_ 311 75 .311 -312--325
A3- C TIA 2312 75 312__--313 ._ 326 .
84.- ' C TP._IA2_313 .75 313 314 -327--
A - T Ji Al 5 -314-3315--328
86- CTIP.A 2-315- -75 -- .315 316. -329 --

A7- ITR A2 316- 75- - 316.--317.-- 330

8-s- r TRIA2 1B 3171 75- 11 7_- .318 .. .331
R9- rC. RI -2A 3 1 __5 A 318 3----319---33
90- c.T T A2 1.9 _ 75 19_ -- 320 - 333
Q- L TL T A 2 ? 1n 7. 372- ---0-321 334
97- IC TI_ 2321 375- 2L -322 .335 -

93- . TR.I 2322 75 __322- 323 336 -

94- CTRIA2-324 4 -324-- 325 -- 338
95- C TR !i 325 _ .44- 3 25 _ 326. 339-
Q6- .Tp _LTA 2326 44 . 326 -- 327 -- 340
97- CTRTA2 77 44 -27 2 328 341
98- TP I A 328 _-4 328---329- 342.--
99- CTATA7 379 379- ------330-- - - 3 3--

I - - 2 --330 44--- 330-- 331 ---- 344 ---
o101- T. 2_ 331 4.4-- 331 - 332 -- 345

1)7- CLIPIA2 331 4 .332- 333--346 -.

103- rT T.IA2 333 44.- 333--.334- 347 ---

104- I 4l.. .3 734__ 44 -- 334 --335 -. 348 _-.... ..--

105- CITRIA2 35 -- -- 35.- 336--- 349 ---------



P-F -ND -BOTH PAlS RE TNFn fDn HnlE 4N- C. INR4CAL-SH . -L -JUNE ---- 8,---4----NATRA--2-

A=z13 ln RR= 79 0TZi TP-1-10 TPan = 500 tPa:13 .250- -

I.T PT

S ,TE_.-U-K--------- . C--E-----
_ __A- -.-- J-K- ----

141- C T -4---- -374 - --- 375---388- -.

145- TR 2 A __2---4l--43-_ 4 l- ------412 -----42--

I4.It- CTRA241- 43 -- 41 - 413_---42&

1 44- T 2 2--41------43--- ---- 414-----41----427- ----- -

14 - - A2-14~-43- 414-- 4-------415-- -428- - ----

1 46- C TRI UA2 _15-------43- -- -415---- 416---4 29 ----

_____________452- -tT1I.2--.21--(1 43-----421L ----- 422.---2 45---------- --------------------- _____147- C-T12--41---4------ 4------ 417-----430.-

14 -4 1-- CR r2-----417 --- --3 1-418 --- 43

149- CTrA87 41_ 3 _ __419_-----432- -_

150- CTR I2---41 ----- 43 ---- 419-- 420- 433 - --

S15 1----- CTR T A2-4 20- 43 . 420 421 .------43 4-

-152- -- C TP ! 242 43 2_2 1- ---- 42 2 - 435 ---- --- --

153- CT! A2--422 -- 43----- 422 --- 423------ 436 -

154=-- C-R A 424... 43 424 ---- 425.---- 438 -

155s- 4TP &2 45 4 1- - ---- 4Z6---- 39-

156- CTP.IIA. 426-- 43 - 426 427 ..-- 440- 5

157 -- _CTZIA2 427 -- 43 427--- 428-- 441- --

15.8- _-_CTRP-IA2---428- 43--- 428 ....- 429-----. 442 -.
159- C TRIA2- 4294 43--- 429---430 --- 443-

1 0- CTA2. --430 43 - -4---431---- 444 -

161- o 41 43 437 --- 43------A-445 __

16- C1-lA2 3 A 43- 43-- 432----433-----6- - -

163- CRI A2 -433 -. 43----433--- 3 4- 44 7

164- - 2________ P-.434-- 43-- 434---435 --- 448

1 65A- .C2 --. 435 .3-- 35 - 436 -. 449-- --

166- _ CT .l.A2.. -437 A43 -- 437 ---- 438 .... 451 ..--.----- --

167- TP1i2 43A 43 438 ._ 43-- 452

16- ,_ _Z__ _39 _43- 439 --.. 44- -453- --

169- f 2_ 4 0 --43--- 440 -- 441 -.--. 454

170- CTP 42_ .4 3___ 4 L--442 --- 455----

171- CTqIA2Z 462 43 -- 44- 443 456 ----

172-- .. LTR.I. L_ - 44 -433- ---- 444 -- 457 ..

3- C.TP TA 4 4- 444 442--45 ---8 -

14- C TAP-IAZ-_..- 45 - -43 ....- 445 ---- 446 --. 459 - - --------- U
175- " ___ r 2 I _ 446 . .43 .44-5 -- 447 - 460 ---- ---- --- o



pTPF ANn RnTM PAnT RFIlFFrCFn HnlF TN tylI TNUDR-tCLSHI JNt 2UN i 92. 4-NAST-RAN--Z4--

A=13.200 RR= 72.0 TS=2.215 TP=1.100n TPA=l.to0o-P-=-l.0-750

I TPT

S_ _R-1 E_ I----- -- K-O -A A T.E...C-AH------

1t- T L 37 4 --..... 33 ....38-----35 .... ..........

1 L___- .__J R .._ 3- --4 -- 3 3 -- 3----- -352- ---- -- -

10R- CT T A? 1'AQ 44 __9_40 153

I19.- CRIA2 A34 -4-4-- 
3 4 0 -------

3 4 1 -- 354 --

11 _ ; - I-A- 341- 44 -341 342-----355-

1 -1: 2-343 _A 4 . 33.. 34 4 - 357_

114- CTQTA2 4~ 4 364 35Q

114- . A -1345 .44 45 ------- 3 46 34-- 59-60

1.1 s- fT-R.L2--3A46-4- 46 347 360 --

11.6- CTR.A2__..347 -- 44- -347- ....348 361-- ----

117- " TP R42 348 44 348 349 362 -----

I18- __ _1_1-2 .150._ 4. - 350. -351 364 -----

119- 1CT 1AZ 351 .A_4-__351 352---365

7120- CTRI?7 15 44 __5_ __' _6_______

171- T~.A2-3 53 44. 35 .354 -367

122- C AIEAZ 354. 4 4  354 355 __368__

1- 2 _ I.A2L35 4 . 355 356... 369

124- CTIIA2 356- 44 - 56 357. .. 70----

175- CTRIA? 351_ 44 357 - 58- 371

12l- rTRTA? 'SA 44 1 359 - 377

177- TRA? .359 - 359 60 3----- .13

12 ?- U I2 .36 Q 4A 360 361. --- 374

129- C_ RIJ 61 -L-44----3 6 -. 3 7Z-3 75

130- ,,C.1c 1a .63 _ 44 36 3'A 364 . 377.

13 1- CTr _IA 2-_364 -44- 364--365-- 378 ---

132- (TR TA? 365 44 365 66.-----379

S13- 2 2 66 444-_-366. .367.- 380

134 .- TRTA2 '67 44 .6L7 3 &.B- 81

135- CTRIA2 368 44 368. 369 38 .7

136- CTP TAL2 36 44 69 370. 8 3

137- _TRIA2_ l 44 ' 371 _ 8

13R- , rR L& 21 371 44 31_ ._372---385

4139- -Co 
T A 72_2 .7_44 - 37 2 73- 386 ------

143- = Ir > A22 73 4. A -37 3 374 - -- 387



.PE AN
n BOTH Pan SRENaORgED-ELINCYL

-I N D R I C A L H E L L  - JUNE -- 281--974-NASTRAN---2--

Air l. no RQ= 72.1 Tr=?.-215 TP=1100 TpAfl=-1.5n P 4.3-O 50-

IPT

__S-..O.R._T- E_D__- UL-K--D-A T-A-. E-t---H 0
- -_ Cu ....ARD . - - ..... .... 4__- ---- - - - ---- . __ _ --

1_6- A2-4 47-43 ---. 447- ------ 4---48 ------46 --

177- CIRIA2--448 3--3-- 448 - 449----462--

178- CTR I 'A -43 450---45----- 4-.-

179-_ .-9 - 4~22.51 - 43-----451 __4 52..--.46 5--

1 80- C-TR-IA2---A52-- 4 ---- 452 . 453---466 ---

181- .IRA2 53 - -43. 4.5 3 - -454 -- 467-

182- Tr TA2--. A545.4 44 .-- 455 6--468---

183- ..CRIA2-- 455-- -43 - 455-.-456 ---- 469--

1R4- T 7T 4A 6 4 456i -A5-457--4 7

185- F_TRP7 45_ 43 -457 458-- 471-

1.86_- T_ _LIAZ- 458 43 ---- 458--4 59 -- 472--
187- I TPRAZ 59 43 .459. _ 460. 47 3 -

188- _C IA _43 _460_ 6_.461 . .474.

189.- C.TRIA2 .4661_ 43__ 461 ...-.- 462-- 475

190- rTO A2 4h6 4 46A 414 477

191- ICTR.IA2464 _ 43 _ _464 __465-- 478.--

192- _CIRLA2_ 465 3- -465 -466 .- 479-

193- _I_.LA2 466 - -. 466 ___46 -- 480-.---

19- RCTpIA2- 467-43... .- 467 468__481-

195-- fRLA2_Z -68 43 -468- 469 482

196- rT~ I 469 43. - 469 4 70---- 483

197- CTIR !.AL4 4 43- .470.-471--.484
19- C1 T 1A2 7.1 4. 471 72 485.

199- ToD'A2 472 41 -72--_473 486-

2n00- TR IA 4.73 A3 __ 473__-4 74 487

2 01- _CI A216 A74 43 474 475--- 488-

270 - lTR?T 511 41 511 . 512 525.__

203.- _CIL__ 512 41 -512---5 13 .. 526 -.

204- 3Tn1 .5 i 41 .513. 514- 527

705- CTD 4 14 1 41 _514 515--- 528 ....

206- rT 7? 5 _ 41 515 _ & __ _ _--_52 9

707- _r!RA2__6 1 516 16 51.751__ 30 .-

RA- "TT A? 517 41 517 ---- 51 A 531
209- _ CIR IA2 5187  41 .518 -- 519 -532 - -

210- rTT T2 519 1-- 519 520 --... 533-. ,--

------- ---- -7



PI E AND AC.Sj IC AL--SIELL -JUNE-2Z8 -1974----NASTRAN-2/

A=i_ 1A RA= 72.n T= 15I-. .100 T A -_50 P-0- 3 750

iTPT

I *UPt ____-_---___ __--5_______-
,C aO-R-T-E-D 8 1I I K n T-A-E--C -- O--

2n 1-4-- -6 _10

211- _--(R 5A2--5 1 2--52--521--- 53 4----

12- CIP -A.---52-1---41 --- 521 ------ 522---535---
71~- cTA 5?2 41 ----5 23------5 36----

? 1-4 -- C P-T4 7 _2-524--4 - 52 4-- 525-- 538-

2-1 5-CT Z-52 ---- 411 525 ---- 526---- 539-

716- CTRTA2. 526 4_- -526- 527.--- 540-

717- RA2 527--4-- 527--- 528-----54 1--

? 1.8-- .CIt 52 8 1. --- 528--- 529-- -542-

?19- CTQrA? 75Q9 41 529 ,530 -5443
7?0-- CTP21 3 0(-- 1 .530--. 53L-- 44 -

221- CTPRIA 2_53 -- _-- --- 53 L-- 532---- 54 5 -
.2222_ __ .TC.. -53 ... 4l. .532 _--.533 _-- 546---

223--- CT I2. 2__-533 ___ 41 -. 533 - 534..-- 547

724- CTFIAZ---534 41 -----.. 534 --...-- 535-.-- 548

L5- TP 5 41 535 36-------5------549

22 - rCTR ! A2-5 37 -41- 537 --- 538--- 551 --

'27-- -. TR LA2---538 .41 -- 538--- 539-- 552- -

228- CT.RAL2_ 39- 1 1 539 --- 540 -- 553 -

279- CT.IA2-540 -41 540- 541----- 554

3--- .C PI?.A2---541--- -41 -541---- 542--- 555 --
711- CTRA2 542 : .41 524_-- --- 556

32- CTI-A--5 43 4- 54---- --3 544 - 557 ___

233- CL T _LA2 544 -41 5 4 4 -- 545 - ..558---

734- £iTRJLA4Z 45 - L--- 545- 546-- 559- -

_35_.__ _ _I_ _7 _46_ -L - 546 547- 560_ -_

236- ,TTl.Z 54_7_ 41 47 --...548--- .561- -
737- r9T _1. -5r&----- 4 48--- - -- 49---562--
'3a- I. TRLA2 -550 - 41 -550-- 551. ---- 564 ---

2-719- I.R1 .51 L-------41 5 1 --- 552-- 565 ----

240- .CI IA2 552 --41 -552 - 553----5 66

241- rC. TIA- 55 3- 1 5.3. _55 4__-----5 67_

1472- CTR I? 554 41 ___.55.4-- 555----_.568_

747- CTTA 5 L ----- S55---56--------5
6 9

244- CITP.R A 5562 - 556- 41.-- .556.- 557 .....- 570 ---

245- C_. P.IRA2. 55-- -41 557- 558--571--

- ---- ------------------ -- ----- --- H



PIPF ANn RnTH PADS RFTNFlRCFD rHlIF IN rYI TNDlT.CALSHELS -~ F. ... E-28 -1-- NASTRAN-I--R-

A=13.200 RR= 72.0 TS=2.215 TP=1.100 TPAn=1.500P 7150 --- ---

ITPT

S 0 n_ aR--.J.----U-L--K----A. T-A-- E -C-H- --

rP 0 - -- - -6
____UL C ----U-Z- N-- -U T -4--.-- 5 - *-&. --,, *--- 9 a -J .-. 5

-246- _fT__A7 558 - 1 558--55-----572- --
I4 7- rTaA2 55 9 41L 559- 560-- 573- -

248- frTA A 0 41 560 561 574

249- CT.IR tA2 561 41 - 561 -562------575---

'20L- -CJTRI .A-63- --- L -563--564----57---
251.- _C.TPA2 64 41 5 64-5 65 - -578__
257- CT I 6L 565 41 565 -- 566--.57.9-

253- -CRLqAZ. .66-b 41- - 566-- 567 -- 580

254- 0TQ T6? 567 41 57 5A8 ,581
255- CTqTA7 

5 6R 41 568 569- 532

256- £T1 LA22 .569_3 41 569 -570 583

75.7- " .CTPRAZ-_570 .... 41-- 570. 571--584-- -
258 - tCI.IA2 .5.1 571 _572-5 5 --
259- TO a2 72 41 -572 573-- 586
260- CT A72 571 41 573. 74 587

761- _.TI. & 574 4L 574.-.. 575 -588-
262- CTIL A l 576 41 576 _577 590 -
263- RIA2 571 ' 41 577 -- 578 591.---

- __~_b.64- £.LI.A2 ..5.78- 41. .. 578 --. 579 .. 592

?65- I.T U Z579 4*1- 579 580 - 593.
7 6- rT TA2 5R8 41 5i80 '81 5 94

767- CT ___ _A -2-S 581 41 581 582- 595
268- .CT21 -582 .... 582 583 .596 --

S69- _ .U2 583 A --58 3.---.584 597

770- _tT IA2_584 5 84. - 585 -- _59 8

271- .U12 .. 2585.. 41 -. 585- 586 - 599-
77 - r R T.A2 SR 41 586 A8 600

273- CT TA2 58 7 4 1 58.-- 588 --- 601

774- .To IA7 589 41 58.9 590 603

275- .TP A 59.0o 1 . 590 _591. -604
276- T; TA 591 41 59~ 592 635

771- C QIRTA2_. 92 4.1 59 _593___ 606
77R- rT9ZA7 ? _5_ 4-1 593 94 94- 607-

79 __. .T TA 594 41 594 -5-95.- 608

32n- rTTorT t2 5.q 4.L_. 595 596 -- 609-- --



DP rblf R DnT Paf aFDSt.IOCDP HIU JN CYItVNR1A Tr .F I MA r .JUE28 )974 .AS3RAN

A=13,200 RRm 77 0 Trr7 713 T1Dw.1 0 TAnl 4.500 P-1-43-750 -7

LTPT

____________________________ SO4~R--0--OB-~-U-'.-- 0---- A--E -C,-H------_ ---C Sa ,-- -- E -- ' U -K-0 A-T- A E

__ COUNI -. -- L-----2- -.-. ---.-- --- - 5---. --- 6----- -1--- -8.---9------4--
C281- -T 596 41,--9--596-----.597------610- - __

282- CTR2---9------41- -- 597-------598-- 611----
?7 3- CTo 6A '5 9R 1' 598 ------ (- --- 612 -
? 84- 41 T _9 -59--1-- -- 599----600 - 613--

Z85- C1-2-600 1--------600----601----614- - ----- ---------

,36- CTRIA2a60- 4L--1 02----603---616---
?87- rE i2 630 641 603- 604--- 1-7 - -

.288- CrTR.! _A2__-4- --604- 605-- 618
?Tq- CIRT 605r 41 6,b5 - A 619

290- CTiAZ -606 -1 ---- 606 607- -- 620-

91-TRIA2--607-- 4 .------607----608-- 621--- -

_292- CTRIA&2Z 608 41 --- 608 ---- 609 -- 622

293- _ _TRLA;_- 6D9 - 41-- - 609 -..-. 610 ----- 623 - --

294- C ARI2 610 4 AL 610- 611.--. 624 - -
c95QT17l All 611 .- 61?---62 5

796- CTR I A612 4 -- 61-.. -613----- ----26

797- cTRIR - --613 - -. 41 -613 ..---- 614 - 627 ......

_98- FRTP_ 62-L-.615-- -41-.-- -- 616 -- - 666 615 --

299- !_'2 -C.1 16- 41-- 617 -- 665 -- 616--- --

300- CTer I--2_-6-1 A 6,18---646--- -617
401- rTD T 7 618 41 -619 645 118

310- r Th- ? -- 6-------620--629--- 619-

403- -C- l4L -- 620--41--- 62---- 628----620
30- - T LA2---621- 41 622 - 628 --- 621 -
35- C L--7 622 - 41 623 ---- 630-- 622 --- - _--

306- ,,IP.T IA .-623 41- .624 -- 635 -- 623 - -

A 7 - CT 7 *L52 2 .A A L-625-- 634--6 24

30A- CTLRA_ 7 _625L . 1 626 -. 649 --. 625 --------- --

31 9 - CTRIA 7 26-- -1 62 7--648---626

10- CTR T* 627 .r. 621 -647-- 648
311- r LqL--6- 7 L L 66

8 - - 648 64----

317 - r LrPIAZ-..648 1 668 -- 669 - .648...--

311- r TRIA 649 41 669 - -650--649-- --

314- CT -, 650- 41A- 7 4 669- 670 -- 650--

315- TR 65 670 - 652 --. 651 --. -- -...-- - U

__ ____-_----" __ U



PTPF ANf ROTH RADS QETNFFOrnD HOIE LF IN- r NDRI-CAL-.SHEL L --JUNE---281--74--NASTRAN--- /-
A=1".20n RR= 77f.0 T4=.215 TP=1.100 TPAfl=j.500_PO13.750

I TPT ___ - ---- E------ --_-_-

Sn PfI -E -- B-U--JK--D-T A HO0-- --

i COIJUNT__ _ . I .....- 4 . .6 ... 7 .. - 8 , 9 - 0-
316- C.TR IA 2 41-L 670 --- 65_2 -- ---6- -2-
3 17- CTA --653 41----671- 654- 653-
318- -fTRqA7 654 41 671 67 ? A54

319- -LT A_ 655 4L 672 _--656- 655----
32A- r TIR_ 65A--5 41 - 672---673-- 656 -

7321- rTR1 R7 658 41 675 -676 658 .
327- 'TR I .62-59 41 676 .660- 659
423- CIRP-A2-. 66 L-41- - 676- 677-- . 660--- -

C*4- cTR TA AA1 41 A77 662 661
325- TRIA 266 41__ 677 678 ___662

326_- ('1RIA I 663 41 -. 678-- 664 --- 663 ---
327- CT T A2 _664__ 41. 67 8 . .679 -- 664
328 - TIA 2_665 5____ 41.- 679 _. 666 _ 665 ---

329- CTR I A7 666 4.L 679 680 666

330- TD T A A __1.. 9 h----668_

331- _ t.az _ 669 L4 .. .681-- 682 669 -.. . .

332- TL 670 A1 8270 -- 6171 _ 67 0

333- :TPA2__ 671 __41 ___ 682 .- 683-- 671 - --

33.4- CTal A2 72 41.. .683__ 673 . 672.
335- CTR 2 6 ---41 683----- 84 -- 673-
446(- ,TRv A 2 &7I 41 AR6 6AR7 A '

37- T -LA2_6 76 - 41 68 7 - 677 --. 676

338- .TR .226 7 ____4 - 687 . . 688. 677

339- "TP TA2_67 &~A1 688 ._679 .- 678-

340- .. TA2 679 41 688 - 689_ _- _ 679 ... --
341- CT_~.iZ___68L 4L .690 . . 82 601 A 2--68 -41

342- r TP 17 687 41 69g A91 68Z

343- ToTA2 683 L41.. 691 _684_. 683 ----

344- .T 1A2 684 41 691 69 684

345- rTP T7 6.86 41 694 695 686 __

346- CTP tS 687 41 _686 695 687
347- t TAZ_ 688 ____ 41_. 695 .696.__ 688 -

348- rp IA7 6A9 41 ABA 96- 689-

342 - T. !_ _6 9o ... L 0...... b90 . 697 .. 691

350- CTo m2 693 41 691 697 .. 698 -
.--. ~-------- - --- - --- 4



DTPF ANn BOTH PAnS REfEOCEn H N--- -C-H --JUNE- -28 --- 1 9-74- ASTRAN --- 1
. A=11T-70 RR= 77-0 Tq=71TT)r=1.1.nJL TPAD-=1.5D.snn Pn=.13-.50

I TPT 
----I--

u ,.O.:.BT I~nBU^USR_ T EDB-L KC .O _A.T E- 0
wCAR D I

151- CTRrI _.97 -4-1 692 ---- 6 98-- -693---- ---
35_- __ TZ - ? _93 4L.. 693 ... : 8 -- b98 699 .......
353- fTPTA 694 41 A94 - 69 700

35.4_- LTP A 2695 4L - _695 .694. 700
35-15 - T-P642--696 1 -6 96 --- 695----70 1--
356- TRP_-z 69.1 _697 708 .. 698
1 L57- TP T A2 698 4L1 98 738 - -709-
358- {'TR LA. 699 4 1- 699 709 710
359- :'T ) 700 4i 700 .. 6 9-- 706
360- r' I2 0 101-41 ...701 -- 700 --- 702

61- -(TRI 2-- 256 -- 51. 256 -252 :251
362- __P! A2_..125&8 51 - 258....-- 253- 252.
363.- ( 1 I . 260__51 .. 260 . 254 ... 253 .
364- • TRL2_..1263 __51 263..... 256 .- 255-- -
Ah- rTP. TA 176 r 51 _265 ----. 57 256

_366- CTPh2__.1267 51 -. 267- 258 ... 257--
_67- ,TRIAZ 2 1269__- 51 ---269.__ 259 258
368- flTAZ_ 1271 .51 .271 _-260 ---.. 259 ---
36.9- (.IoRAL2 1273 -- 51..- .273 - -261 260 .
370- ..IPLA2 1615 A 4615 666 _ - 667
371- -TR T& 161 6 41 616 A65 666
377- tTIF L 1A2 1618 l 41 618 645 - 646
371- CTP T r7 1619 41 619 44 -- -645
374- (f_!SA2-1620 41 620.. .628.... 629 ......-
175- Lo Lk21622 41 622_ --630 -. 623 __

376- CT lA2 .-. 1623 - 41. -. 623- 635 636
377- fLTo 1624-41. 624 -634 .635-
378- ('TPR 2_ 1625- 41 625 __649 634-
379- ALT.P_.A2 _1626 -- 4.1 26..-.. 648 649
380- '.TR LA2_ 1627 _41 - 617 646.- ... 665. --
381- L P ? 1629 41 _629.. 643 644
387- RoA2 1_630--_41 _ 636. 637 .630 ----.-
8R3- ITQ T7 1 4. 648 __ 669-9--- 649

3K .4- .TtP-T1AZ.- 650 41- 650 6... 70.---- 651
3A5_- t IRI~ .1657 41 ..652 671 .--- 653

___________W

U,



PIPF AND RATH Pa FT PFyNFn9Fn HnIF TN C.YJ rYNDRIlAL-SIELL -JUNE-----UNE28-1 974.---N ASTRAN--2/-

A=13.200 RR= 72.0 TS=2 L21_5_TP=].L 1 0 TPAn=D 1.5OPO= .13.50

ITPT --

______ _ O_____R _: _L ALU__RLK .. _. TA E----H 0-

COUN___ _- 1 ....-. 2-5.. 6- ._-_ ..-----4---9-
386- TR T2 164 41 654 .. 655 --

3A?- I CRI2-1 656 _4.--- 656 .-- -73... 65L- .--

388- CTPTa7 1657 41 65 6 58 . 57-
389- CRLA2_ 65.8.8 -41 -- 658 676 659_ --_

_90- ..... .CTP.lA2 1660 ____4 - 663_ 67 _ 661 -----

l91 - CTLA2 16 2 .1___- 1 662 _ 78_ 66 3
392- CTrQAL1-664-4 L - 664 679_ 665-
3_93- C T A 2_166& L 4 666. 80 667
194- CTDOIA 1669 41 669 67 2 670

395- LPA_ 16_71 41 hL_.67 _ .683 .672
396-- C TIA '.1673__--- 1 . 73- 684 __ 674.

397- 1TA ___1674 .41 .. 68 6 .675 ___ 67 4 ....- ___-

_398- IT 1_ AZ 1675A._ 1 : 675 687_ 676

399- r TR A2- 1671 -41 677 688 678---

400- rT TaT 2 1679 41 679 ----- 689 680

4___ 4L__1- CTRIA2_682._-.. 41 __ 682_ 691.- 683
402- C TPIA L 1684-_41 _. 684 _- 692.__ 685 _

4_ T3A. -TcAZ_1685____4 694_ 686 -68 5___

40_4- _CTR LAZ._1R b 87 -4.. 695. - 688_ 68T_
405- . CTRIA2 16.91 1 9 691 9A8 692
406- T79QT 7A? 1691 41 69 a49 70fl

401- t ,TA? 1695 41 -695 700-701

43J8- CTPlA2 169& 41 .698_ 7)9 699.----

409- . .L. A 7 1699 41 ___ 699.. ..710 706

410- TP1L 2_ 0 ___0 4 L__ 734 702

411- .- L T&~ 2 _69 1 19 .. .. 629 644 __

412- CTOTA2 2673 41 63 36 -63 1
413- £"CT AZ 2625 -41 .-649 650 634.
414- _C TA - P7 41 646 664 665
415- CT !472 2629--41 28: 631 _629
416- CT i A2 2630 .1 .630 632__..628.
417- ..CTZA2 2700 41 _700 706_ 04.
418- r TCTR9'2 3311 75 '1 325 32 4

419- CTT _3312__ -75 -- --- 312 --- 326. - 325 • -J
42 0- rTr T 3313 75 13 2- ..326 -- .- .)



t ptPF An RnTwH PAfn OPTNl4fl~lF VtP TN RI1 TNFnORrC HIM UNE 9. ~I-NAs TR --

Aul13.200 RR= 77-.0 Tq=7-71
; TP=I.I10 TPAnl..nO0 PO=1T~7 0

I TPT

_____T- TF0J I A 1IC ' -- A T.A-- E-C-H---------

UNT . . __ - 3 . 4 .. ._---- ----*-- --- _--__ - 8--- .. L_

41- rTR TA 3 75 -L4- - 3 ?.8 .- 327- -
S427- _IP.A2_3315 75-- 315 .. 39 -- 328- -

473- Tlap A2 3316 75 316 330 79

424- C T 141- 33.17 15 17 331 330(L--
475- . R...rl .- 3318 75-- -318 ---332- 31---

476- CTRI 3 319 - 5 3,19 333 32--
47 7- TR LA2 3320 75 320 -. 33 333----

428- _CI~1A2. .3321 5-- _3 2 1  335_-- 334..

479- CTRTA2 137 75 3?7 ._A _ __35_

410.- 10.1T 1 332- 44 .32. 338 -337--

431- .CT.PRI-A2 -3325.-- 44 -325 --. 339 ---. 338

432"- C.I A2_-3 326. 4 32-- 340. 339
433.- -C-I. -L2--3327-- _44 327 _-- 341 340

434- .TU? 3328 4... 328_ 342 34 1.-
435- CTP A7 31?7 44 329 1-14

436- CTE1AZ_--3330.. 4 .330 44 -. 343.

437- - _..T'A- Z 33 L Ak 331, 345 ... 344

4_8-- CRIZ.A2 3332 44. .332 346 -- 345

439- ..CI_3A2_3333 4.. 333 347 346.

440- _fCTRfL A 113334 4 3346 348 347
441- CTP T7 l35 44 3 413---. 48

442- CIL3.337-44-- 337 - 351 350._

441- CTR lA73338 44 3--3 35 ---351

444- T TA2 3339 .4- ----- 3 3 9 -353 _ 352.-

445- _TIA 2 .334.0__--4- 340-- 354 _ 353-

446- cTPi_2_3341 A _341. 355._ 354 --

447- CTR T 7 3.3474-.4 3-.42-- 3 .5A---355

4 48.- .fT.o21A .3343.- .44. -. 33. 357.... 356 1" -

449- "'OT 3344 A-..4 344 358 -- 3 5 -7.-

453- CIV IA 33.45 4 . .345 359 358_

451- - . t.RLA2. 3346L 4 3 4346i--360..-. 3569.

453- CTR TA2-1 3.3 -4 4 3 48 --. 362. ... 36 1.-

454- CTRLA2l 353 - -- 35- --- 364 -- 363--

S335 L-44-- --- 351 - 365------- 364-..---

- -- --------



PTPF AND RnTH PADS RFTNFORCFn HInl ET IN C'lTI NDIR HEL tl .JUNE 28-. 94---NASTRAN-2--
A=13.200 RR= 72.0 TS=2.?15 TP=1.n10 TP.AD =-j5DoPt&1. J50

ITPT

nS -- T E_ ___ 11 1 K_ ____TA- _ FC---H-0

_ COUN 1 -9 3.. 4 5 6. 7 -- 9 .
456- CTR TA2 315? 44 352- 166- .365
457- C TR T A_335 3-L44 -- 353- 367 -66---- -
458- CTR A2 3354 44 754 16 _____3.7.

- 459- _ CI YPIA7 .355 4 4 .355_ -_369 --_A368 ___
460- - fTRTA2 _3 356- 44 .356- 370----....369
46A1- CT 23 37. 44 357 371 .370 -
462- CTRIA2 3358 44 358 372 371

_463- _C.T.L~ 3359. 44 359_ _373 372-
464- CTRA? 3360 44 360 374 1371
465- TP 7.A?__ 336 1 44__ 361 375-__..374
466- CTT.I-AZ 3363. 44 363 377 376
467- C1AIAZ_336 _4, 364_ 378 .....377
468- CTPIAZ.3365 4_4 365 379 378.
469- CTRIA2 3366__ 44 366 380 379
470- CTT1A2 3367 44 36 17 381 380
471- _T- 3.368 4.4 368 .382.....381
472- C1R1& ._3369 44 369. 383 382
473- C'P-T4 13370. _44__ .370 384_--_383

474- CTP IA2 33 71 44._371L 385 _.384
475- £I -- Z-3 3LZ- R4-:---.-3 7 86 385
476- f"TTA? "377 44 173 S37--38A
471- CTo I 2 7.3 7- 4. __3 71 38 8 .3 87

478- CTOT 2 3411i 43-- 41 - 425 424.
479- CTPR'A 341 43 - 412 426 .425
480- CToI ? 3413 43 413____427. 426__
481- CI.TIA2 3414 43 • 414 428. _.427
487- -CTO 47 345 4A 415 4 9 428
483- CTTA2 _3 416 43 416._ 430 429
484- CTR A2 '3417- 43 417 43 430
485- CtPLTA2 418 43 418 - 432 431
486- CTP IA7 341 9 43 419 433 ..432
48.- CTR1.LA23 420 .43 -420 -- 434 _..433
488- CTor~2 "3471 4.3 - 421 435 434

490- CTrA2 342 -- 43 -- 4242 4386 435



F A ITH DAn L RNFo HOLE-N-CYLINDR CAL-SHELL--- -- JNE---28--974--NASTR

1 TPT

__________________ _________R Ti D &J -L A DA IZA EmCJ-LO---------- H-
S R,- .E_.-_ L-------_D----A T--A--

CAP.D --
.UN . . 1-- .- 3 .. - . -5 ... - 6 .. -- 7. 8- 0

49 _ - T 3-2-5I2 .325_--43- ---- 4 25 439 - 438---

_ _4592- _-_._ ZCTRI A2 -3426----43 --- 426 --- 440 ---- 439-- - -----

49r- P 2 A 42 3 .2- 4--41 44-- - --

_49- _ _~lC-TR iAZ 3428-- 43- - 428---- 442 --- 441-- --

_ 95- CL.A2- -3429-- 43----- 429.--443-- 442---

496- _P-L.TI 3430 --- 3 1 .-- 430---- 444-- 443---

_4917- LT_2.A2 3431-43----.-- 31.--445-- .444-- -- -

498- ._CTPIA2_- 3432 -- 43 .---..-432 --. 446-- -445-

499- r. P T A 2 3433 43 -43.1 -- _4 4 46 -

50.0- _CTAIA2 34343 43 ..434--__448 _447- -

• 50.- I__ rtA2.- 3435 -- 43. 435 ..--- 449___ -448 -

502- . .CTP-I A2 ... 3437 -- 43 437.... 451..-- 450 -.
5.03-_ CJ.1AZ2 3438 A. 43.-- 438 --. 452 . 45 ------

504- 1 CTRI A2__.3439___ 3 -__439 453.--- 452-
505- _CrTo 4A7 344.. 1 . 4.. 454 453--

506- _LCOI1A.--3441-- 43-1 441.. 455 _454-

507_- C__TR.IAZ A2 3442..43 .442 A-456 -- 455 -----

508-- C'r IA -- 3443 43 443 --- 457..456-

539- _---.TRI.A2 3444 - 4 3 - - - 444 -458---. 457-

510- C 23_45 44 3----445 -459---- .458----

S11i- Q rT A2 44 4 4416 -460 459

517 - rTq T 147 344___3 _447.6 ----------
1 '- _it.~ _2_3 441_43 448 4621-- 461 ---

51_4- CTRI 32450 43 450-.464-- .... 463----

515- r T 10 3451 43-- .451--. 465 __.464 -

516- _CDJIAZ 3452---43 .. 452_-_.466 -- 65 5--

517- -- T- .I 3.5 43 453-AL----4--4 66

518- CTLAZ_ 3454 _43 454 468 467 67-
51 9- rT717 3455 -43 554-- 4 6 9 --- 8-4 6 8-

5 0 - CTR TAL 345A 4 4566_ 70 469

521- C TA _2__3_4517 43 _457 -471 470

522.- .CIIA2 3458_.4 3-..S4-8 - 472 -- .471--
521- (rTA 3459 41 _459 473 --472---

524- _._- _RIAZ_ 3460 ._43 .. 60..--- 474--..473.-.

575- T. _-1A2- 3461. . 3--- --.. 461_. . 475--.-... 474-. ..... --- ---
....... . .. . .. _ w



PIPE ANn ROTH PAnc RFTNFnRTE F Ljnl F TN uYLf TnR.ICALtSMEl I I UNE..-28t--19--4---NAS-TRAN----2
A=13.2Q00 RR= 72.0 TS.2 =.10_TPAD= .5-_ 00-_

- 5

6~i~I LTPT . r

COUN 1 5-..-6- jD-__ .A... .__- ___3 ..... _D__-.JL.. _-L .... 6. f-,476----

_ _ _ AC__ _ - - --464-4 -- -----464----- 8- 477 .--
526- _Cc _. 463 _43 463 .. IL. 4 47 6 ..

57R- ..TC.2 3464A 41 464- 478Q 478
28- --(ILA2 a 65 41 465 479 -478

-5- COLL _.AZT 3466 -- 43- 466 ___4 Ad.---479- -

Si0- rIP!LAZ_ 346 - 43 467- _48L-- 480-..- --

531- _C.1 A2 A68 .43 ___.46 482 481 -

532--- _C.R.IAZ_3469 43 A 469 _A83_.482

53.3- 1CTRA2 40L.43 470 484 48 3.-.-
534- CTOT 7 3471 43 471 -45 -- 484
535- CTA .- 4 7 2'l 43 -472 - 486 48 5.
536- TIA. 473 43 . 473 487 486-..__

537- .Cl _ A2 -3474 .43 __474__ 488__ _ 487 ._

538- -T-l _235.11___41 _ 51._ 525 _. 524__

539- CT1AZ3 512 L__1 512. 526.... 525
540- TT, 142 351 41 513 2ZZ. 52
541 - . TP7A 2 3.514 41 .514 . 528_ 527. __

542.- P 2. _3515__ 1____ ... 55 .... 529 5528
543- _ZC'.AL-Z3516 .. 41.-.. 516 .... 530 __ 529

5.4- 1!o.! A2._3517 4.1 .- 517 _ 531.-..-.. 530
545- _CUtLA2_3518- 4L . 518 - 532 - 531 -

46A-- rTRITA 3519 41 519. 9 53?2
547- rTRA 2 On 4L 520 .--- 534. 533-
548- rPTeA2 3521 41 _521 .535.-- 534--
549- 11TA I -522-41 522- 536-- 535.

5rn- RJ.lTIA2_3524 41 - 524. 538..--. 537--.

51- C .IAL--3525-4I .525-. .539-- 538.---
55- C TP if 2 526 41 26 5.40 ---539

553- C___-TRIA2--_3527 - 41 ---. 527 ---.. 541 ....---- 540---
55A4- TR_-2_ 3528 A41 528 -- 542 - 54 1
555- CTAC_ 3529 A -1 _529..- 543 __542-

55_6- _;TA 3530 1 530 4 53 544. _ 543

55.7- CT A2 3531_ 41 531- 545 544
5 A- rT'A 353) 41 532 6 --- 545

_559- _CT...RIAZ--3533.--41---.. 533---547 --- 546 -----

560- .RI.LA7_.3534 .-. A .-. 534 548.... 547-- -

_ -. . . .0



A r2n E nr paAnN El2-.N TEU1-1ORCS -- OLE--- L -CYLI --- NO C-~1 -A--- - JUNE- ..28,--1974 ----- NASTR AN---2/

A _ Z. _ Rzn - 7 _ T2-0 = ? T - inn Tp_.n-L a P500 - i=]3- 7-

LTPT

.O R-T - _U-L DA-T A - .E -

__ _ CC __---- _& 
--T-

___U___ ______ UN.T. -- 3----.- 5-- - -- .- - ---- -.---- --. 7--. 8 - --.-9- -- 10- 0-

56-1- -- C!R-A2-- 335.5--41----
3 5-----549---548 --

641- TRIAZ 3537.-1--..----537 ---- 551-----550 --------

sI2- .TR" t 353Lz 41 " 38A 552 55-

_56A4- Cp.1IA2- 3539---41. ---- -
5 3 9 ---- 553-- 552--

-565- - -CTR IA2 -- 3540.-- 41---1 -540.-- 554-- -553 -

566- C!.RilhZ-3 541- 4L --- 541-.. 555 554 -

567.---CII f.2- 3542-----4 l -- 542--- 556-- 555 --_

568- 8CTR.!A2-- 3543 --- 4 1--- -- 543-- 55 7.--.-. 556 --- --

569- f P' 54 15 544 .55 8 -5 57-

5.70- CTR.LA2 3545.- 41.--545--- 559 .558.--

_ _ 571-- .- (.TRI&2-.3546 --- 41- -546 560---559

572- _ . TR_ A2 .3547 ... 41 --- 547 .-. 561 _--- 560

573-_ __TRIA2._ 35_8 4 [3.. 548 _ _ 562 -. 561

574- ITP1i23550 -L -5 5 0  .564 563

579- (pI7 3551 41 551 565 564

_6 6Tm1A2 3552--41. 552 __ 5656. 565 _ - _

577--- (,T!LA2__3553 .- .41---- 553...... 567 .-- 566--

578- ......12.- 3554--. 4L---. 554- 568.- -567 -- -

_ 5 79 R- . . .- 2 ! 2 . _.3555 .... 4L - 55 .55. . 569-- 568.

58(0- r TEPIA2--3556- .4L 1 556 ...570._ 569---

A1- To 557 41 5L57 1_-570

582- cTO T-2 355 _--4 1- 558 572--- 571 - --

533- OTP2-_ 3559- 4 1  _559.- 573 .572

584- tlI 3560--41- 560 -- 574-- 573-

_85- .__ C_T_-L23561-- 41 -561 ..575 .. 574 - ----------

5sR- _ rP_1i __.3563 41 56 3- 577 ---- 576 .-

R A587- TOA .356h4 41 564L--- -----5 78 
7 7

_ _ _- C_ _!AL 3565 4 ...565 .. 579 _-578---

589_- fP _L237 566 1-- 566--580-----579.--

590- T A 561 4 56 581 .5 80-

5 _ _91- CIDIR2 3568. 1-- 568.. 587 .5 81 - --

. 5.92-- CIL!.A2__ 3 569 _-41 . 569 ._- 583--- 2---582 --

q3- - LoP A? 1570 41 570 584 583---

59_4 ---.- ..t CTRIA2--. 3571 .. 41 --- 571.... 5 85. 58

S"595- _____ 5.72 -.24 _.------5 72 -- 586 .--- 585.- -- -.... ----

_ _ 
-- 

H



p IP E1-NF"BT ADSl.p LINDI-L-ELL _ JUNE- . 2 8-,--1974- ----- NA STRAN--Z/-A P INDRI.-P- E!FqRCEDHOLtJUCYLINDRI-C-AL- -SHEL----

..

A P.. 13.750- -

S. _R__T__ F.-D . BU-L----- A-T A---E.C H-O

A2 4 _ 573____ __.5 7_ S_ _D_ K-- --- 58 -
___C0UN T_ .. L --2---. 3 .. .,_--... . 6 - . . . . .... - ... 10-.

596~-_ ___ I.A2_357TL--
- - - 573 ---.. 587.-- 586 8.---- --

59__-_______..______ _ 57-LZ- --3574 41- . - .57/ ..---. 5 88----- 58- .... .. .. .... ..

9jo- Cr_.-_ 357A 41 57 59 0- 589-

599-- ... CRLAL-.3577 A.l_ 577 __ _i..591---- 590 ....-..
600-- L__ RIA -- 3578 -- 1- 578 7--592 -- 591 ---

S60_1- C Tr_2_ 579--41 _..579 _.593_ .592_ -

602- CTRIA2_ 3580_---41 -580 - 594 .593
.603-__ _TI A2---3581 1-- 58 595 .------ 594,. --- --

604- C TP A 358 41 58L 596 95-

605- C IRIA 3583 41 583 .. 597_ 596

616- .CT.PIA 3584 41 584 598 __59 7.

6.0_7- CTRB !A_ 35
8 5__ 

4 1 ..---. 585.. 599. 598 - - - -

609- C. 1.9_8 -35 8 7- 41 587 601. __600 -599

I a- r.1TA 2 3589 41 589_____&G3 ___607

-11 C TRIA Z_-_590_ 4 1 ... 590 __604 _ 603__

_612- CT 2~A _591_ 41__ 591._ -: 605 64 -604

51,-3 CTP._IAL_3592 
4 1  -592 606 605 .

614- C ' A_2 _.. 3593___ 41 __ 593 607 606 .-

615- CL'h2 3594 -4L 
-5 S 4 --  0 8 .. 607_-----

616- TTRI 7 35g5 41 595_1_9 608
-T A 1259&1- 596 610 . 609

618- CTR TP _3597 41 597__ 611... 610.

619- _ C 1_A2 _3 598._ 4 598. 612 611 ...-.-------- -
620- r TP TAZ3599__ 4L__ -5 9 9----. . 6 13 --___ 612

621- r IR1 A2__36 . . . 600 . 614 ..... 613.-------
622- (TQ6IA2D32 60 616 615

S2_3_- |2 3 41 _03_. ~617_ 616

624- fTRP.47 3604 41 60 -- "618 617

625- LTR IA2 360L--i4 6 605 619 618

626- _IT ! T 2 3606 41 606____620. 619.

_627- (7=_ 2R ....3607___41 -- 607- 621 620. -----

6 R28- Pr . 3_ 60 -- -41 68 _. ._62. 6D_ 2 __ _21 _

29- . TRA2_. 3609 .. 41 . 609 .. 623 .-- 622. ---

6101 r 623--- - -

__ 
f\)---- -- ------



I-F _LEN--- JUN -YLN 28, _197.4----NASTRAN--2

A300 RR= 77.0 T=2. 715 TP=1-10 0 TPA=- 1 50O -P-O-=3.-50 ---

_ RI__..B L--K_---E- 
C___

____ CARD- C... ---- --------- -- 4 -
6 -3- ---- 6 5 612-624 -.

6L- ElA - 4131611--- -2
". 62- . . 1_A2__ 3612--- 4  ------ 612 ..-- 62------- 625 - -- -- ----- -

.Ir 2 _ 1_ " ..--12- -3857____--___--__--,, ________ _ ...

635 -- 705 --- 40 .. 77142.8- .0 - .---. 1.0 --

63: -- .0f--- 70.00 --
__ _ _636-___ _FI_3PICi 6 .... .70 _--. . 40- 77142.B8 ... .--.--------. '----- - 1.0

A37-- __... EFAR -_ -- -711--- 40 ......5528.5 .0 --- 0 .-- 10

638- __F P.II E-4 _ ...--- 715.-- 40 ... 34714. 3 .0.____ _0-- -- 1.0
723 - -A G.-- 0 34714.3 0 . 0 .0 . 1 .0

40- FI]RCF 721_ 40 34714.3.0 -- --- _-. _ _ _ 0

41- -- FR ------- 721 - 40 35789.50 0---- 1.0

_ __42_- _E _ORC .- .731 ..- 40-. .18432.4.0 .. .. -. 1. 0

_43- . . ._ RCE 6-_-- .223 ... 2280.80 227 223 ---- - .

L4.4-__ OP C -1 6 - 224 4561-59.-228 .. 224------

65 - F -6---- _2 -4561 59 229-- --- 225--

46- ORCEL-6-- 226 .. 2280.80 230 - 226---- -

--- 64T -- G 4D-Sr
_______ _____ . 4 ____ D_ T 40.. ...------ .. ..---- . ,

_4.8-_ G I 22--- 124.800 .00000 13. 7 5 00- -

_.9 1_
. 
D__ G2Z4 - 124.800. 3.15792 11.9078

650- G---1 225 1 24.80-0 .5,47 523., 87 50 ---

-i- D 226 124.0-BO- 6.
3 2 5 4 8 . 0 00 0 ----

632 - Gil 118.23 J_- 00O-- 13. 7500_

653_ _____. - __ 2.a -118.200 3.33444. 11.9078..--

_654 _ .R_ 229 - 118.2-33 5.78197. 6.875 ---

65_______GlD-230 -.118.200 6.68024 .0000 --

56.. GP __ 231 1.11.600 .03300 13.75030.-
p67 rn 2312 111.600.3.53188-11.9078

65n- r pI _. 233 -111. 600 6.12519_.6.8750----

R- rU3l ---2111.------- 600--7.07728- .0000 -_ _

O- . G 235 105.000 ... 00000-- 13.7500- - ____________

______1.- 6RD 3 105.000--3.75420.-11.9078--

62 -- 1a--_237 105.000 6.51181-6.8750 --

C6- -P ?R 105.003 .7.52463- .03 ..

S64.. C 3998.400 .00000 - 13.7500--

_RID 2 ----- -- ---- 4--.-90 8 -

_ ~~~_._....-.............



PIPE AND BnTH PDus .F&.liFO'fE HO~ .N.YIN-ALR-SELSL ~,- JUNE --,-, .. 94-....NASTRA

A=13.737) Rp= 72-0 TS=2._ZL.5_ TP
= -I PAD-_.500-P-

= -
13.75

0  - --- -

....___ _ _ .SI R.E 0 BUL-K- 1D A .A -E C. HO

4. 
.--- 

-- 6-. 8 - -- ---- 
-

7 GRID 245 -- ----- 93.6428.44364 .0003 --------

72 .GRLD 2 .. -- .. 8.8 83 ...... 0000 - 13.7500---

-67 - G 4-- ------ 88.883 4.43619 11.9078 --

--- I)T 74 88.&4 .69000-13. 7 50--

6691- - 2.4_ -- 84.125 4.68767 11.9078 --
67----- GRI 25. ---- 984.125 8.13756 6.87503

S672- - pI. -25 84.125 88 ... 070900 13.75000. - -- ---------

-55 79-366 .00300.-13.7500

81- rl.LDL-- 56- 79.366-2.56999 13.2815
673- G .. 248_ - - 8879.366 ...4.96941 11.9078

34- -- I 2--, -49 _ .79.366 - 7.03667. 9.72275

684- k 259. 79.366 8.62906 6.8750

68 579. 366-..9.633458. 883..8.3.5588.892 .0000
I 5- 26.R76 0000

676- ... ! L.. 252 -74.608 125 0003 13.7500627- l .263 ---- 874.0825 4.68767 11.9078 6324-------------

93- -GI 264 74.608 2.73403 13.2815 -

&6o- ._,k_ _ 6 ,5_ _ 74.608-- 4.0 4 42 9 12.703215
6. - -574.606. 5.28723 11.9078

6829- GR 26 --57 - 74.608h6..44175 -10. 9 0 8 6

___683 ---9- ..... -- 2 5 8 .79.36608 7.48796 9.7227- - -

6 9 3- (,i I r) 26 9 14 .6 0 8 -- 8 .4 0 75 2 8 . 3 7 0 5 - - - - -- ---- -
694- _ G.I 29 749.36086 9.18404 6.8750

696- AGRID 271 79.60. 9.7343 5.2610000

_________--__
- -_ --  2- -6 3 74.608 10.254313.5588324-

_ R9- .ro 1) 2 F 3 - 74.608 .10.52824713. 7 9 42815--

699-- -. _274 74.608. 10.62017.000078 .-

7- GPC D 311 70.142 .091..8.400 13.200

695 G]---- 74,608_918404 6.8750------4

• -

,.]--- 
-- -

-_-- 
.J -- - - -

........................

.............................



P pTPF ANP RnTH PAD REEIFNERlCfHE-fLII I CYI N !CAL S-EL JUNE -29- ---- A STRAN--21

A=t1-20,1 RR= 77 0 T S= 215,L TI 1 5 1_ . n0_-LA--5a-0=.--50 --------

ITPT - - - -

SR _ E-D_ -UL.-A - E H--0-

S_ _ __COUN. .... ...----2----. ----3-. . -.------- -
__7_- G=- - - - - - 3 1_ .3L--- 70.142---1.4075 --13.0871 ----- ---

02- RI---13 - 70. 142-- 2.7_9181-12..7502 -
703- rP T 314 70 142-4.12-984-12.1952 --

7 I _ 315 - -70. 142-. 5.39921.- 11.4315 -- - --

-70 5- ..---- r, _--- 316 - 70.142--.6.57838 10.4723

706- _GID 317 ------ 70.142--7.64702 9.3338 --- -- ---

7_7- _GP.ID 318 70.142--8.58639 8.0356

708 ___ _GI.D_ 39 -319 70.142-- -,.37971 6.6000 --

79- rpD ' 2 73142 1.3,012565.0514-.

71 - _GI__ __L_321 -,70.142 10.473263.41
6 4  - - -

11- .. .GRID__ 322 --- -70. 142 ... 10.753201. 7229 ----

712- _.G1.D -323 70.142 10.84711.0000 -

713- _Grl- 324 -- - 7.142. .00000 13.7500

714- _LD
- - 325 70.142 1.46619 13.6324 -------------

71- Cro I 3A 26 70.142 .2.90823.13.2815

716- G-P1D~ 32
.7  -70.142. 4.30223 12.7033- ---- ---

717- GP!0328__--------- 70.142-562489 11.9078

18-___ .F!.! 32 9 -____ __ 70.14Z _6.85377 10.9085
S19- __ _I ._330 -- 70.142 .._.7.96768 9.7227

7)3- _G.D 33 1  73.142. -8.94703 8.3704 ------------

771- r - 32 70.142 9.717429.6- .8750-

72- _p in 3 3 70. 142- .10.434325.2619

721- r - 34 70. 142 1 0. 914 893.5587

774- GID 33 5 73.142 __11.2 06931. 7947

725- tI 3 -36 70.142 .11.30490.0000

772- GO 1 . 337 _70.142 .. CO00000 14.8500

727- rGin 338 70.142_. 158352 14.7230

S728- i 339 70.142 3.14111 14.3440

779- .L 2 340AD 70.142A4.64714 13.7196

730- rold 341 70.142 _6.07651 12.8605

731- Gr) 342 -_ 10. 142 ___.405031 11.7813

732- _~ 343 70.142- 8.60975 10.5005

71A- r4oon I 44 70.142- 9.66941- 9. 401

73-- JirW L 345 70.142 - 10.564877.4250

735- -n 3-46 --- 70.142 11.279605.6828 --



_ _P___ _p .&Nn _SDTBL 14P f FT __l QLE CYLINDICAL-SHELL--- - -- NE-- .28,-1 974-- -NASTRAN --21

-- A13200 Rl= 2.0 %--- Tp _.J_ TPd =_J.3 - =.3.7_50 .-- -- ..

LLE- -D -- UL D. -7.- _...L _ ----- I --- ------ _-

--34- 70.142 11.800153.8434-

_7--_......_2 D .. 348- - -70. 142 -- 12.116571.9383 . -73- D 34Q 10-144 22222. Q 000 - -.--- - -
_3_ __ 9--- . . R 350------- 70. 142 - .00000 17. 0030---

_740-_____ -G R-- 351-- ---- 70.142.- 1.81285 16.8546- -----....... .

i7A1__--- G D_--5 70. 142-- 3. 5964 5 16.4207-- -

742- G -  --- 353 70. 142 ..- 5.32 178 15.7059....

743=- GRLD-354 .70.142-- 6.96035 14.7224---.- -

74- : Tn 73. 142 8.48453. 13. 4870---

._745- _R 1L 356_ - .0.142 9.86794 12.0208 --

7-46- RID 5 _70. 142._ 11.1859310. 3489 -. ._-

74.7- -.!I, 358 ... 70.142-__12.116148.5000 .

748- j, I0 359 70.142... 12.939136.5056 - ---

749.- LD 360__ - 70.142 . 13.538944.3999.---
7C- Ip

n  al 70,_142 13.903722.2189-- -

751- ElJl'- 362 70.142- 14.02613.0000---

752 - 1. 363 70.142. 00000 20.5000---

753- 11 4 70. 142. 2.18625 20.3246_ .-- --

1754- GRID l 365--- 7C0.142 4.33819 19.8015.-

755- ;GRn 1 366 _.7).142.. 6.42165 18.9395--

756- (PTO 7 i0.142 ~.40282.-11..7535

-77- Gr) -A 36a I0.14L. 10.2485616.2637--

758- _R 1 __Rn-369- 70.142 - 11.9267814.4957-

759- GP_ Q37 7-0. 142 .__13.4 07 0812.4796-

760- rol1) 37.- 70.142-. 14.6614810.2500-

I761 - (R I._-12 70.142--15.665227. 8450.---

76h7- r~lnQ 17 70.142-16.397805.3057

763- I- 31 ..0.142- -16.843752.6757---

764- plr l 37 S 70.142- .16.99349.0003

765- GloT 3 7.610. 14Z 00000.- 23.0000

6b-,-z _3.77 7,0.142_2.45302 22.8032-

767- ~RD1 3-78  -70. 142-4. 86845- 22.2163--

7A - PT) 379 70 142--7.287.1-21. 2492- - _

_ ___ 769-_ .. L 380--- -- -70.142 .9.43640 19.9186 ----

__ ____RID_____ _381. 70.142-11.5145218.2471

-- -.- ---- ---- -- 
__ __ ___ __-



PIPE ND RTH PADS __O_I_ _N _Y_ _N__A_-SHR JUNE___4ASTRAN__24
_____ zon RR= 77- T:= -2-21 5 TP-;!-- 19I 1-- -750

5--- 8AA- -C
T-_---- --_ _-- 2. ..... 3 ..-- - .-.. 5 ...-... 6--------- -- --

__OUT .- D----2---*- *1 - 2634--6 - - *-___

771 - G.9n 70.142--1.3.4068516.263 4-
S:7-7_2 G_---_ RI 0 83 __ 70.142 15.0786514.0315----

77- _.G_ n 4 70.42-- 16.4 975511.5000--

,74- _GR ID.- 3 85--- -70.142---.17.634578.8017 -...

75--- GRiL -- 386- 70.142 --- 18.465405.9528----

, 76- _-GR 1D--38 7 -- 70.142 . 18.971613.0020-----

717U- GRD I.-388 - 70.142 ..-19.14165.000- --- ---------

778- C_0 GRI 41L-- 73.858 - .00000 13.2000-

779- ,Pin 412 73.85.8 1.33672 13.0871

780- GR.I. 13 73.858-2.65126 .12.7502---

781- GRI- 414 73.858.--3.92 176 12.1952--

782-In- GPID_ 415- 73.858-.5.12686 11.4315--- -

783- GID 416 73.858 6.24611 10.4723 --- ------

E4- GR.ID_-41.7-- 73.858 .7.26021 9.3338--
7 ;- Tn 41'A 73.858-8.15 144 8.0356-

786- .G.IF -19 73.858 -- 8.90393 6.6000

787- Ge.LD. ID 420 73.858 - 9.50408 5.0514

788.- GI. .---421 - 73.858 -9.94091 3.4164

789- G_ID 422 .73.858 -10.206311.7229- --

790- 7P 10DA Z33 7-3.858 .. 10.29533.0000

791- D 474 73.858..000000 .__13.7500

797- GEl _ 425 .73. 858.1.39242 13.6324-

793- 3S1D. 426 73.858 2.76182 13.2815----

794- GgI 427 73.858 -4.08544 12.7033 ----

795- CGn IL 28 -73.858 .-. 5.34109. 11.9078--

7.96- . I_ 429 _73.858 -6.50746 10.9086----- --
797- _ G J 43 73.858-.7.56446 9.7227

798- Ic' 431 73.858. 8.49354 8.3704- -------

799- _GL 0 432 73.858 -- 9.27 813 6.8750

_ _0- Fn A433 73.858-9.90399 5.2619-

801- _lGEID A3-4 73.859._13.359593.5587--
R8.0- trLfQ 435 73.858-10.636431.7947-

_N_3- ._r-A 436 73.85. 10.72929.0000

-. rPI.-l 37 73.858-.00000 .14.8500-

__5- ___ R I 43A .73.858 -- 1.50384-14.7230--

_ _ _ __ _________--------- ---------~-------- --- -.-- --------



pP P] PE YNn _80 lLEIN-CL]N OR ItAL-SHELL- .-- - JUNE---- 28 -1974-----N ASTRAN---

AI 3. 00 RR= T__2 JPAS L R -EIT_. Ta=I-.- P.O=13.75- ..----- ..----.. ..1j ___2 _____ 72-___ 
_ __

S 9. T.ED ,B. .. .-- . --

8l73.858 2.98296 14.340----- -
O7- r 

- r
)- 

-4 4 0 .73.858 4.41289 13.7196- --.. ...

.no- ._ l 1 4 0 ]..3.858 5 769.7-- 12.8605

80 9-- ... . La -_-_4 -2 _73.858 7.03059 11.7813 -
3 _-443. -73.858. .17360 10.5005 --..

8L~T -~~1--. .--- k-4 -, ~ _1_- 3,858 _ 9.17 867 9.040

84 r F 44 73.858 .. -198663.8
4 3 4

8 15- R I_ D 7-48 .73.858 .11.498501.9383 -----

--- g 449 -------. 73.859 -.11.59909.0000

_ y817 r;) - -- 45 _Q--_ _._73.858 . .O0000 17. 0000- ----------

/8Y-_! _ 5 73.858.-.1.72163 16.8546 ..

1  __GRI.El __.452 - 73.858- 3.41531 16.4207-

RrO_ G I 4 5i" 5 - .-S 5 335-1,5.-7059
1- rG.__ 454- 73.858..6.63861 14.7224--
22_- -c r -- 5 _- 73.858 - 8.05481 13.4870--.-- --

______l _823-i_, n 56 - 73.858 .- 9.36694 12.023 ..
_24- .. . R. I D- 4- 5 7__ 73.858 10.517210.3489
-5--- G5- . G9 D- 4 _73.858 -..11.498108. 50 --00

7f-. ,QIn 45q 73.857__820.277806.-5056

877-, r 6,0 73.851 12.845904.3999
828, I D .rLD 6.1 73.858 13.191322.21

8 9

_82- ,P- . 62. 73.858- 13.30722.0000 - ------ --

n- T n 463 .73.85. .00000 20.5000-- -

8R3.- _ _ln -46-4 - -73.858 -.2.07623 20.3246- --

Rp - R D 4A5 3. 85l A-1195 7.19.8015-

33=-- rTIn -466 _73. 858..6.09735 18.9395-834- 1 rT) 467 73.858 7.9773-17.7535----------

83 5- C D .A D _8 3.858 .9.72786 16.2637.

836- A _ ----- --- - 73 .858 -11.3186614. 495L

837- - - I- ... _470__ 73.858_.. 12.7210212.4796A ;- - - -4 . -73.858-. 13.9086810.2500

- 839 GP.ID 0--.. 472 -. 73.858 .14.858527.845 ..

43-........ I 473 73.858 15.551445.30' - .



P 
UNE. - 28 t -1974-

-- N A S T R A N - -

mQ LL-D4 CYLEn 25INF _.CECI. -H.OLE- A N-1CY L-D- I-C. -SHEL-J N

_ 1 _.7003. , .S P Sn_ 50.O_0 3 70 .-- I -- --- - -

C- - --LN- . . . . - .----------- --------- --- E - 0--

-- - I- 44 3 .858 .- 15.973 122.6757 -
42- rP D 475.... -73.858--- 16.11468.0000 --

RI - 4T 715 ,47 . 5 R ZO 00 0 - -- 0000

IBD4-____ __ GJ _----477_ _ _ _73.858 . 2.32956 22.8032 -_-
45R_. -_ 47 - 73.858--4.62299 22.2163-

.45- ___CRLD_ 479 .... 73. 858- 6.84430 21.2492 -

8-47- ..._GP.ID__480 -73.858.- 8.95770 19.91863
848-- GI __481 __ __ 73.858 _lC.9279618.2

4 7 1
-- --

r n . _P_ 7 3.&58 .-12.J-208016.2634

50-_. - --- .--. 73.858 - 14.3035114. -0015 - -
85 --- GrLD 8 __- --_----- 73.858-- 15.6457711.5000-- ----

...._852_m. ..._ _ __ _ 1 __ _ 85 73.858 - 16.720638.8017

053- J GLRD 486 - 73.858.- 17.5 05595.9528

85______G__ _D____87- _ __73.858 --17.983653.0020
73.858- 18.14421.0000

856--- _ _ __ _ 7 51- 2.003 , .0)03) 13.203)
85- .I__ 512 - __ 72.000 .1.37121 13.0871 -----

8Y57 G-rID 1.--512 7 -- ------ -- 73 5--6 2 . 1 ---------- '---

__58--- _.G_ .ID_-l--l- -513 72.003 2.71972 12. 7502 .--

85-9- G--1 --- 514-- 72.000-- 4.02311 . 12.1952--

'60- rkJ n 515 -.72.U0O--- 5.25951- 11.4315
__z , ~a _ s I A: -n 72..000__6.40793--10.4723

86_______._-----7... 2.000 .-- 7.44859 9.3338 --------

__- ..... _ ....... 8 ..... 72.000 8.36324 8.0356 -------

-_864---- 519--- 72.000 . 9.13560 6.6000
6- .. . . 5120 72.009 9.75166 5.0514 ----

__8 ___I 0_865- 1D-- .521 ---- 72.000. 10.200113.4164---

6A7- 7Jac I -5__ 22 ._2.303. 13.472581.7229 -
r- -574 I n3- __72.0O0. 10.56398.0000

GAQ- I n s& .72.000 . 00000 - 13.75,3)

87_0.- rQTfn 529 72.000- 1.42836 13.6324--

871=_---_ _ _ _l_ 526 -... 72. 000 _.2. 83313. 13. 2815___ ___

.87- GRID 527---- -._-- 72.000 -.4.19103 12.7033---- -

B3- 1 G 55280 - ------ 72.000 ..5.4793 11 .9078-------

374- : 10 529 72.000 6.67612 10.90t6-

8 75- _ . -. - . 53 .-- ---.- - 72.000 7.76082 9.7227 - -

Rhn-~~~~~~~~~~~~~~~ Irn5 2--- 200- ,55 1. 15------



PF n nRT PAS L RFNFL EnRF1 HnLE -I .YLICNDRI ALS'HEL----I- -- UNE.-28,._1-9-74---NASTR A--I

A=13.200 RR= 77~.0 T=2.21 IP=.n TPAD=-1.50 Pn -75

S ITPT

S~.R_
_ ED-- .U-L-K---DA -1- - EC--H---

876- __GRID 51 72,.000_ ... 8.71437- 8.3704 .......

87-=- - GPIL-532 --- 72.000- -9.51972-6.8750

878- P 0 n 53 72.- 00--..L 622
15 .72619--

187_9- fG!r 534 72.000 .10.629953.5587 - ---

883- GPID 535 --72.000 ... 10.9 14 181. 7947

881- _G_ lD 536- 72.000 ...11.00953.0000

833- GRID 53 - .72.000 .00300 14.8500 ---

883- G I_ 538- 72.000 ...1.54265 14.7230

R84- r7gq SA 12. 00A3. 05999-J.4. 3440

r8- f0 -4 --0 72.000- 4.52699 137196
086- I, R l 5-- 41 _72.000 5.91916- 12.8605

887- P, ADn _ 542 72.000 7.21294 11.7813

n8 A- 5 43- -------- 72.000 8.38599 10.5005

uA9- Go_ f) 544 72.003 _9.41762 9. 401

890- GoD 545 __ 72000 0.2 89277.4250-

891- -G-- IU 4 - 7. 2.000 . 0.984905.6828

9_2-- -- GR 5 47- - --- __72.000-- 11.491493.8434

893- GP.l.1 548 _72.000 -- 11.799391. 9383

94_- _-GP- 549 72.000 11.90268.0000

A- ,,.I_G_-D 55 .72.000 .00000 17.0000 - -----

9_- _r_ _n sT 72.00--1.-76606--16.
8 5 46

897- .. L 5n 552 72.000--3.50354 16.4207 -

89 - -G~I D 553 72.003 _5.18409 15.7059

899- GoIn 5-4- 72.000 .. 6.7799 1 _14.7224- - -

9q6- ~Col i 555 72.003 -...8.26407 13.4870

901- _PID 556 _-72.000 ___.61 089 12.0208

q- rpTn 557 .12.000 10.7964110.3489

903- RIT 558 72. 00 _11.798978.5000
904- r.t !n 55q -2.000--12.599726.5056

935- r c I 560 b -- . 12.000 13.183244.3999

g06- G 561 -72.000 .. 13.538062.2189

9-- -GRID---- 56Z - __7. 000.. 13.65713.0000

qq- ro ro 563 .72.0000 .000 00 .. 20.5000 --

919- .Fln 564 -12.003.. 2.12982 20.3246

910=- _ G RI L.. 5.65 -72.000--4.22605 19.8015-- 
-

-

- - --- --

-- .. _ _
......... " ............................ 

C)~~

--~~~. .. . ... - - - - - - . .... .. .. . ..... . ..- - I - - - - -



P A OTH nC HL -- -JUN---2--l-94--NST --

A=11_2nn Qp: 72n vS=7-215 Tp=I.100 TPAn=l-500 -02-3-1350

_ ITPT

________ S_RI-ED.-B--U.-L-K-O- ATA--- E-O----

__ IUNLT ___. . ~ ,. _ _-2--- _.- -3 -. .... 4 _ -. .... 7 ..... -. -8-- , .... -9--. -- 0-

-1_- r rTn• 566 -- 72.0 0- 6.25529 18.9395 ---

912- 0-GF- ---- 567 -72.000 -8. 18451- 17.7535 --- --

91 1- CPTA 568 72- 001- 39-93139-16.-2637

914- GR - -5 6 9  72.O00-- 1.6147114.4957-- ----

915---- G RI-- -570. - 72.003 --13.0549712.4796 --

91- _ G_R I.D - 571-- 72.000 -14.2750510. 2500 -- ----

917- _GRID -- 572 72.000 -- 15.251087.8450

918- -- GRID 5731 ----- 72.000-.. 15.963255.3057 --

gi99- ra IDn 574 72.00n. 163 961722-6.57 .

923- G R._-57_ 12.000_-16.54225.0000

921- GP.ILD 576 .72.000 --. 00000 23.0000

922- -__GRID 5f7 - - 72.003 2.38973 22.8332

._23- -GIL_- 578 - - 72.000 4.74254 22.2163--

A24- G..I 579 72.00J- 7.-32176 21.2492-

q25- - n 580 72.000 .- 19 079-19.9136

926- oGIlL-- -581 72.000 --11.2135218.2471-

921- r ___I0--582--- -- 72.000 --13.0547316.2634---

928-- GL. -.583 -- _ 72.000 14.6807414.0015- - -- ----

929- _G LD 584---- ---- 72.000 -16.0602111.5000 -------------

930- _GID 585 72.000 -- 17.165248.8017

317- fTfl 5 2- 7-2.o03 --. 9172465.9 528

932- -. i -587 ------ 72.000 ...18.464183.0020

93- -n ._--588 - _.72.003- 18.62933.0000

934- -GRLD 589 72.000 -. 00000 25.0000 -------

9 35- r,(T D n 590 ga72.003 -2.59763 24.7861-

q___6_- _oTl 591 -72.000 -5.15601 24.141 ---------

97- an '5 72.000---7.63-585 -23.0970

9-38- 4 _I 595- 3 -- 72.000 9.99786 21.6506... ------ .-

q;g4- Gpl} 594 -72.000 -12.2030019.-8338

A94- GRID -595 72.000.-14.2 127817.6776

941- rc 596 7 2.000-15.9900515. 2190 
-

942- _ _ _ _ _ 597 _72. 003_.- 17.4998712.4999
94q- fo 59R _27,000 18.710829.5670

94A4- a2 in 599 72.003...19.596336.4704 - ---- --

___ __9_45- _!5211L .600 -_-_ -72.000 20.1 36133.231 -------

- --------.-

- -------- ul
-- ~_ ___- __-- H----



p TyPF ANP B"OTHPLLADS._-% -TNFnRCFn HLE-__ YLINDR-I. CAL- SHELL--- -- JUNE.2 L-9T4-K NASTRAN--2i

A=13.200 RR= 72.0 TS=2.215 TP=1.100 TPAD_=1.50IPUle-0.50 --

ITPT 
- - -

T- -- ------- E -U.-K-- --- ---- ----
.COUNT . ... ..... 2- .. .3 .. . 4 . . 5 6 . -8 _ -- . -

S46- rqn -601 -- -72.003 --20.3 1751.0000 - -----

9S Lg." .... .._40- 12.000__.56975. 26.0800
50.--- - 605 -- --72.003--- 8.25081 24.9447 - -

95.1- -r-r- 
-6 0 6 72.000- 10.8069523.3827

_ -r __T_ 607 72.000-13.1961821.4205
953--- GL 608 1-72.000- .. 15.3767919.0918

954- r f n op - 72-.Q -11..-3 07.9916.4365

955- GrLI 6O.10 72.000 18.9510313.4999----

956- _. GI9=--611 72.0000 20.2706510. 3324

_957- -GRI D 612 .72.00 3-21.236756.9883

958- _GOD 613 72.000 .21.826183.5241

959- _ _ _T_ 14 - 22.000- 22.32431.0000
of9l- T2.000 .00000-.29.70O

961- _GEI.L -616-. _72.000.. 3.08642 29.4459

962- o 17 72.000-6-.1287
6 28.6880----

963- LEID.. b18 72.000.. 9.08255 27.4392

964- _l .. _619 72.000.11.9027125.7209. -_ - --

965- G -D RI i 62 0 - 72.000 14.5434823.5626

966- in A? 72 0 .6. 958692L. 0013

961- .- I -- 6 72 72.000 ..19.1024
8 18 ..0

8 0 2

968- R T 1 72.000..- 20.9305514.8499

969-- .P.T 6A24 72.000 _22.4018811.
3 6 56 -

970- -.. 62- 72.000- 23.480997.6868

971- ..flRIfQ .626 ._72.000.-24.140223.8765

977- r.pn A77 7. 000. 4.361 98.0000-.
7- T) 62& 72.00018.3 240231000 - ----------------

974- ---- h?9 _72.000-15.7563426.40
0 0

975- I. 633 72. 003- 21.0084519 .8 0
0 0

976- r2T 631 72.000 18.38240
26 ..40 0 0 -

All- -__ _.RI 6 3 2  _7?. 000 ... 21.0084523.1 33

97Q.- r- IT' A 72.00_ _21.0084526.4000----

.9- ' ,rtIn 634.- - 72.000__.2 3.634519.9000

93D- -, •r _.35 .. . 72.000 23.6345113.2000 ----
976-c~s! 631 ~ _f2. 00___8.38240b.400ul



--- UnT -
-.JUNE.--- 28--974-NASTRkAN-.

p T P F ~ _ 8 N DE -NEO-N -tNCY-LNR-- A LSWE-L L -JUNE---

=1 - f0 RI= 72-.n T(=2.27 I __TP I_ l .TP A= f-I .- D= . T.50 
__

• cuN---- 
6- 8-----

----- ___ 72.000-23.6345119.8000---

72.0 -23.63451264000--

______35--- £ . 0-- -- 72. 00 -- 23.6345129.7000 -
8- 0,_ 641- -72.000 .21.0084529.7000

87- -7-2D.6- . 000---- 18.3824029.7000 --
%_9_8-- _ Ain _G.D-64 3  72.003. 15.7563429.70000 -

(q;.PIn -- A44 72.000-- 3.130282-9.7000- __

qQ2- AR.a i ; .645- .72.300 .-- 10.504232q.7T00 --

99----(;ID 46 .72.000--- 7.87817 29.7000

992- q--- 1.l .r-647 .72.000 26.26057.3300 - -

.993- . RLD 0 64B ---- 72.000 26.260573.3000

;96-L- 6- 72.0000- 26.260576.6000 ---

S8RLD_- I_ 652---
0  - -- 72. 000- -26.260579.

9 000 - ---

99-- ,51. 7200 .. 26.2605713.2000- ---------

.97- ;RIF . 52 -.72.000.- 26.2605716.5000 ----

98- .- R1-- 653 72.000 -- 26.2 605719.8000 -

------ -- 72.00 J- 26.2605723.1300-

* 000- GRI.D--t--657 .72.000 .26.2605726.4000

1n00- n72.303-._26.2605729.7003-

10 0 2 - r.... 7n 657 -- 72.000=---26.2605733.O0000

SR1 6 GRIfL-658 - 72.000- 23.6345133.000- -

1O04- C D--- . 9 72.000--.21.0084533.0000-
os- GRIn -66.0 .72.000 .. 18.3824033.0000 -

-- 1 PR__ _- _661 -72.000 ....15.7563433.0000

17 oln ,6 72. 00 -13.1302833.0000- -------

-, 0.m- _. I r) 663-t 72.000 ..10.5042333.0000 ---
S66----- 72.000 -7.87817 33.0000-- ------

11:) - G~D._.--f'65fl 72.003---.25211- 33.0030

10!1- .I 66 2.000..2.62606 33.0000--

- 66 72. 000-.000 0-- 33.0000- ---- --------

_ -01- 61 i 66- .72.0003 1.51268.0000 --

1ID._-_._ S .2- 1-------D-6D9 . -.. . 72.000- 31.512686.6000

l1 GIn 67.-0 72.000.-31.51268132. 00

~~~~On5-~~________ 
w-7.0- 

5764300 ------



p N _DJE NEARCE-HOLE -IN-CMLI RL C L--SHFLL - -UNE---28-974-.NASTR AN-2

7L . CO0 R OT= 72.0 . -=- 
-L D l - 0 0 - 1 3 7 5 --- ---

S.. .. 3 . . .. 5 .. .. 6 ... .. ........ - -

S.D _- .__i..72.003 -31.5126819.8000_1017- 61 ..--. 72.000 31.5126826.4000 -

101r- Gl 173 72.000 31.5126833.000 --

01 9- ___GiA DO674 _72.000 31.5126839.6000

1020- =_ _GP I-- 675 72.000 - 26.2605739.000-

1021- G -LD -- 6 76 -72.000._ 21.0084539. 6000

1022- .GRD_. .67_..--- 72.000_ 15.7563439.6000-

-1023 _GRLD__673.. -. 72.003 .-.13.5042339.6030

1q24- Q _ 679 -Z12.000 5.25 211 39. 6 0 0 0

025- G_.olD_8__ 3 2.003- .30300 39.600

1026- GR-I -. 68L 72.000 ... 42.01690.0000

__2_7,__--G
-I -4 82 72.000 42.0169013.2030 ---

102 8- _ _GP_!- 683 72.000.- 42.0169026.4000 - -

10289- --- GD 684 72.000 42.0169039.6000

I (),- r, o ILn 1 , 72.DO0 4Z.0169052.8W0U-

1.031- _GILLD_ .686 -_72.000 31.5126852.8000-

_- _ __ _rLD---- 6 -- ~ 7 72.30)0 21.3084552.8000

1033- R- 6 88 7,.000 10.5042352. 8000

S.....-G O ID6__ 689_ - . 72.303 .03300 52.8003

035- n_ 72.000-. 63.02536.0000

SIn - c.irn c , 72.)00 063.3253626.4000

10317- . 2.Rn 9-69' _72.000 ..63.0253652.8000

103- _.693_ 7 2.000 .. 63.02536792 000-------

1039- r, 9A ------4 -72.000 .42.0169079.2000 ----

l 40- _GRIll 69 __ _72.000 .21.O 084579.2000---
-34 _j._ GI_ -6969 -- --- 2.000 . 00000 79.2000--

14ra-i n 72.00o Q Z.091-3. 000

1J 43 1 ------- . .698 - 72.003 57.3911352.8033 . .. .-

10 A-_ 699- 72.000 -57.0911389.6000

1045- .T 7 72.003o- 42.316908
9 .6 000 -------

1046- ,D 7 I01 32.000 -. 00000 .89.6000

7-- RILn 70 72. 000-. 00000 .... 100.030

1 - 0a0 7.000 .. 000 ... 1500000

_______- __G__-__704 __ .. 72.000 - 17.05230100.0000.- -----

5 -. 5-.. . .....705 ....... 72.000 ... 17.05230150.'00 0 _ -...-



R- ANa E-BZL PAFORCN-EO -OLE--I N-C-YLINDRCAL-HEL-L --- JUNE---28---.-97-4--NASTRAN---24
&=13200 RR= 72-. TS2=.71 5 TP=lOP0n TPA -oa-AD033. 50 --

LTPT

________ ~-AD-. __________- --- ------------ --- ----

__ -~ ----... 6 . 7 ....

1051- GIO--- 706 ----- 2.0 00- .. 34.10460100.0000 -------- ---

51052- --- GaIi 07-- - --- 72.000-- 34.1 0460150.0000-----
1059- rin 70 70R 72.000 511.5690.0000
1354- GRP -709 72.000 ---51.1569050.0000-----
1055- ---CI D--710 -- 72.000 -51.15690100. 0000-------
1056- _-GP-I -111 - 72.000-- 51.15690150. 0000-
1057- G RIn 71' -72.000- 58.83040.0000
_1058- _GRI1 13 - 12.000 58.8304050.03 3_
1059- rRTD 714 72.000 SB.B3040100.0000
1060- GR ID 715 72.000.-58.83040150. 0000
1061- -__ GRI - 716 -72.000 - 66.50390.0000
1062- RID---7117 72.000 .66.5039050.0000_
163- r.nLD 118 -72.000 .66.50390100.0000 -----
104- GRID 719 72.000. 66.50390150.0000
1)65- r.n 720 72..300 .--T.17740.0000
1066- GelID- 721 -72.000 ---74.1774050.00000- -
1367- GPaT 1 727 12.303- 74.17740100.0000
1D68- cr I rn 723 72. 000- .74.1 7740150.0000 -
1069- G tRLD 724 72.003 .. 81.85090.3 003
1070- G TD_-725 .72.000 --81 8509050.0000-----
1071- QTIn 76A 72.000 -81.85090100.0000
112- GrPID 77 72.0000_ 81.85090150.0000
I Q71- rP~D 2,8 -'12.000--- 9C.00000.0000
1174-- P r in -729-- 72.000 .-90.0000050.0000-.--
1075- rT l n 730 72.000_ 90.00000100.0000
1 76- GRi -731 72.000 90.00030150.030000--..--
1077- *T 1 47 79.q -nA 3 .-3. -

13.78 3- . -- PC 0 -6 . 1.0 ...... 525 6 ..- --. 0-
1079--- PC -2 ---- 1.0--- 526 ---- -6----- -1 .----
1D00- Mof 30 265 6 1.0 527 -- .. -- -1. -
1081- MP ,0 266 6- 0..-- 528 .. --- 1 .-0
10A2- - C 0 ?67- .-6 --- 1.0---529---- -6-- ------ 1.0
11 83- Pr .. O 268 6 1. 0 530 -- -6--------
1_-- P0C 30 269 --- 6- 1.0--- 531-- --6 --- 1-.0 -0
15- M 27__ 7 -6 1.0 . 532 ---- 1 .0



ppE 6ND nTH PAJlSR INEprnlED HQLE-I-CYLINDRICAL-SHELL -- _JUNEE-28,-974---NASTRAN 2/
A1D 10 RR= 70T - 0 D =_l_50-

I TPT

S 0 -R . BU----A - E-C-H --

_ ' _- -- __ , ___ . . - -6-- l-

26 3 - --5 -- -- - 5.0 . - 525 -- 58
1_C- - -_ 30 7 -f .6 -1. -- . 533- 6 -... . -- -.--. .--5 -

1087.- .. --- 30 - 65--272 6 -- 1.0 .-- 534 .....

loh=- MPI_-~~--tL--6 1.0.---- 528----- ---- - 1.)-- -------
1.0 A9- ._M_•C L_. 263 --- 5 -- 1.0 .... 525 5 --- 1.0- ----

1090. -M - ------ 264 ...- S - _ -----526 - 5----- -1-- . .0

199- _.mpr .31- 265 7..5 5 1.0--.. 527. . 5 ___-1.0-

1092- _MP 1 2 _5 1.. 528 5 - 1.0--

1093.- M 3 1 267 -- 5. 1.0 5293 .. 5 ----. 0

10_94- .MPf I3 270 5 _ .-. 53-- 5 --2. 5
109- _p----31 269 5 1. 0 531 5 -10-

_1096- _pr 1 270 1.0 S..- 5324- 5 ___--1.0
1097- uor 31 .271 5 1.0 . 53 - 5 . . -1.0

10.9_- _M-_r 3 272 .5-- 1.0 . 534 ..... 5. --- 1 .0

10.99- . _M - 31-. 273.- 5 1. 0 . 535-- 5 -10

11 - MPr I9 7A6 1 I n 53L- 1 - 1l .0

1101- _pr 32 276 . 1.0 526 . 1 -1I0

1102- P-- 32_ 265 L. 1-- 0 527---1 .-1-.0

1103- Mr 32 ___ 2 62 - 1 - 1.0 528. 1 -5 -1.0-

1104- Mo 3 26.1 L 1.0 -529 1 ....-- 1.0.--

1105- _MP 268 .-. 1.0 .530--- 1 ...-- 1.0-

I 1 Oh- 3pr 7 ?AQ 1 1.0 31 -. 1 , -. 0-

1107- lp 37 77l-... .0 3-- ~2 -1 -1.0-

110- -_ MPLr- -32 _ 271 L- 1.0 533 .... 1. -1.0 -------------

1139- _PC 4 -272 1 1.0 534__ --.20 O

1110- MP 32 27.-.- 1.0 535 .1 __ -1.0

111.1- MP 34 263 -2 1. 525.--. 2.. -1.0 +J

111 7- ti 1 525 .-6 -I.+ .U..- __

1113_ MP4. -- _264. 2 267 -1.0. .. 526 -2 " --1 ..0 *R

1114- +.'F -- 52.6 6 -2.A011 ......

115- r 34 265. 2 1_9 .52] Z -,0_ + tR3_
1116- +~J13 5Z.7 _6_ -2077

111- Mp. 34 266 2 1.0 . 2.8A -- --L.,.O +_I4R&

1118- +.194 528 -6' -7._6O011_ "iI o- • . 3 , _ 0 .-- _.... -529__ ___-_ ______ _-__JRS_ _

1121- I + 529___ . ...- 2.6077 .. .. -- - ..

_ _ _ _ _ _ _ _ _ 
U,-

___________ ___- 
0\



__ p .AND 8.O HPADS--RE.FOFED -L IN--CYLIND I.CAL--SHELL- ------- JUNE--- 28, -1974 .- NASTRAN---2 -

: =13-7al RR= 7).fl TS=1, TP=1-100 TDpAD:--500.--P0O.13-.750 ---- - - -

I TPT _ _-

_ __S--O R-.T-E P -- -8 U-L-K-----D-A--T A---E C-HO --------- ...

_.__. ___ NCARD- -- - -- ----- - 5
L__ _ L- -3 ---- --- 4 268 2 . 530 2 -1-.0 .. .. _R-

___________ ____ -JD7 ____________51- 6----- -- ---- L,-.07---~------------- -- -------- *-----"--_1122- _ _-- -,Pa -530 ---- 6 . - -2. 6077 ---

1123- MPr 34 769- 1.0- 53-1 --- 2-. 1. -0 ,JR7--

S1124-- _._-- + J P-7. _ 5 31. 6 -2. 6077 ...-

1125- --- --- 270- -.- 532 ---- 2 --- -10 +JR8-

1126.- +JRR __ 532-- 6--- -2. 6077 .-.----

112-.7 34 -PL ----- 271 
2  1 . 0 ....

5 3 -----
2  -  0 J R9-

11281- .... JR.------ 533 .-.. 6 - -2. 6077 .

1129- PT -34 272 .0 ..-- 534- - L.a +,,_- JR10-

1130- .+JR I D 534.- 6 -2. 6077 .. . - - ----- --J-R1

1131- MPC_ 34 . .. 273 .. 2 1.0 .... 535 . 2 - -1. -R

S1132- ._ JR __.-- 535 -. 6 --- 2.6077- ......

1133- mPC 3 5 263... 3 1.0 .525 ---- 3 -- -1.0-- - +JR12-

113.- +__ +i~2 525 5- .- 2.6077 ...
115- P 264 3 .1 526 3 -1 .RL3-

1136- +JRi3 526 .--.- 5.--- 2.6077 .

1131-- . I 35 265 -- 3 10 .- 527 -- 3. --- -- 1. +JR14-

___1138-- . .. ,I_ ____ 52730_ 5.---- . 2.6077 -
1134- r _ 266 3 1.0 528----3 -1.0 ----- ,R1-

1146- *R1--- -- 528 5------- 2.6077 .. . .

1141- MPr 35 267 1- 0-.. 52 -----------,0 , JR16-

1 142- +-IP 52 9 -- 5--- -- 2.6077-

11-43- MPI 35 268- --- -1.0. 530 .-- 3 .- -1 --------- JRIT-

146- P__+l LI 530 -- 5 .2.6077 -- ---

1145- MP r 5i 269-- --- --- 1.0 . 531 -L.0------- R+J18--

11446- +. L _P 531 - 5- - - 2. 6077

2- .1 3- 535 5 ... .- 2.6077533 ---- 3 --- -- ----- R20

_1149- ___ __355__" 2712 -....--.----- 1.. 5334 3 -- ----- - ......- .+JR0 -115- ..+.1P 2 s 533 5__ 2. 60 7:7 . . .

115.1- -M1 .5 72 3 _ .0 -534 3 ....- 1 -0 R.ZL-

11 52 - + 534 - 5 -. 2.6 - " l

11 =- Mr -5 273 3 -10 .-----53.5 - 22-

1I 154-. _ .2 - 535 5 2.6077 ..... ..

115 - 37 262 1 ----- 1 -524 - 1 - -...--.--..-.

. . . . . . . . . ..- 2.

---- -- - --- ----- ---



rPF aNl AnTH puL REAnk0crn Hni NC N C A L - S H E L L  J UNE-2-,-1-974 --- --ARA

A=l-31.20 RR= 7-fl TS=7-21 5 'P=1 .1l0o TPA l -_ -_ PDO .- al'-5.0T

ITPT
7 -. RTED . BULK-.- T A__E C-H-a

1 6 - . . . . +J_2 3-

. 57- +J7R23 524 - -5-

1 1 590-__ __ ---- r- 37 274 I- .1.0 -.- 536 . ... . -. 0 ... +JR --

1 6-_ -JR24 _ 4536 .- 2. 601. _--- 536 - 1

536---2 JR2 4-- LCI-O

1.62 2JPC43 7------. 0 ,7-----l.---53 -_6 --- 1.0

_1 _3- _-M_ _ &0______ 60317 L -1 -. ..-512 - _-- 0

A164- mPr I0 1 1 1 51_ _I -1,o0
1165_ . P- ._.__04 14.--_--- 1 _ _ *-1 0

____ ______________ -- 2z.60 - -- 5 -0.---.- -. 515 . -1 -1.0-
_ ~~~11 6-6 P C - 6, (1 - 315 -------- 1 - - 1 .0-- --- --- - - - - - - - - -

16- .PC 60 31 1 . . , 516 __ 1 . -1.0-
11l- MP~~. a ___317 A .1.0.. 517 ..-- 1 .-- 1 .0 l

_1167- Fl PC_-___60- 31.8_ .... 1-_ _1 0 ... 518 1 __ _-1.O.--------

1170- 6 l-031* 1 1 519_ 1 .--

111- JC, . 60 32---L 1.0 520.-.1 _1.
._I I172- F pC 0__ 3 21_ i_ .. 0 ....521 _ 1____- -1.0

1173-__- f___ 0 " 322_ L 1 __.1.0 __. 52._ 1 -~-- 1.0---

S_ 1174- tp. C 6O. 377-- 1-- 10." 577 -1 -1. 0

-1 -.. P, P. h1 0 -_ 578 - 1 -- .0
lilA -1 174 7* -17 1 _1.__ _57_ Tl .--1_.

Si 7 7- HPr 60_ i BO L---l-- 1--- 1.0 ---- _ 893. -I _-1.0 ---------

i1s- -o . 60 381_ 1 1.0_ __581 1--- --1.0

1179- IP" 60 3 21 1- 0  582 1 1--

11A0- mPcr 60 -_333_ 1---. 1.0 - 583---1 -0 ------ -

1a18- IP.r. 60 384L 1_ O 584._ ___ -1.0

i A (-.) l a-iP5r 60 5B5 1 -- --L.0

1183- . r __60 386 . -1.0 5--- 586-- 1 -- ! - _ _ 0_

]18- P 60 .a 7------- 100 587- . --1 -0

1185- 1P. 60 512 1 1 __ 2. -1 -l.O

S186-- FLPC 0 1 - 0 . 5 13 - 1 0.

S1187- MpI.&04(--4ai
4 I0 5 ----- r -O.C--

Sl a- ___ IPet_ ,o 15l 1 1I : 51----1--------1. --;0 ---

]-PZ )nL . .. _.Le£_ AO . L 1 l .,,0---5 16 ---- 1 ....------- ,=1I A Q -6---- - - 5- - --- --

l_.8- .. __ _:. O 1.... A . . 17 . 1 -& .0 5
.. .. .1--.7 -



PE AND BOTH P ....DS R ~ ) .--0- --3--,.h.-.4.-RI-CAL-- SEL---- - ' --- JUNE---28, -1.. - ---- NAS-T AN--2

A1 --n-- -7 T 7- 1 TP-1 -10- T-A--- , -500----13------------ --

1L TPT

_S_- 01 0 5---L- ----- --- -. 0

_ _ .- ____--- ---.
1-n ------- -- -- --- 1. -- --..522 ..- - -1.0

_____________ CL3 -- C-e-60 47 L .0 -t-520- 1- --.-

1_1___ - _ _ - M.C60-- - ------- 1.0. --- 58------1- -- 0- --

1 1I92- --~? C--6-- -4719----- 1.0I 59---1 . .4 - 0 1.0--

1.19 . M . - - 47 . .. -578-------1 .. 1 0

I _11_q9- MPr 2-_ I.0 57 9- ---- 1- -----0------
12 -- __---- -. 60 - --- 4-- ----- 1.0 -52 1 --- 1 - -1.0
121-5 MI C----- -- 4 2 ...... t.:--- 10 ....- 582 ... 1--- -1. 0- -------

1196.- M__--- 0-- ..---- .0 577 1 ---5- --------- .0-----------

121037 - 0_ O--_ .484 - 1.0. . . 578----4 -I . -1.0--

119- M--H-60 48579--- 10.- 585 --- 1. ----- 1.0-

1199- MPr An 46- 1 10 _ . 80 ---- 1- -- 1".- - 0

12 . P._.__ _--- 312-- ---- 1.0 512 ---- 5 ---- -1.0

123- M' 33-60 -3183 -- 5 -1.0 --- 582 --- -- -1.0

1209- ,C. M _6.0 3 .5 1.0 ... 54 ------ 5 - -1.0-

1 203- A 1 315- --.-- 0 1.0 .. 584 1---5 ---- -1.0

120- -- 1-- 315 1- 1.0 5857 - - -1.0-------

12071- MPr 61 -_- 31.- 5- 1.0 5182 5 -1.0

1214- M. 61 31 5 1.0 513 -- 5 -- -1.0 ------

1209- - M J -61 -3 5 1.0 ..- 514. 5 -- 1 --------

1710_- MPC 61 321 5 ----- 1.0 - 521 ---- -__5 -.. 0

1217- Mr 61 3122 5 _ 10 557282 ------ 5 -- 1.0
1712- P1 61 1_3707 5 1.0 517 5 . -1.0 -

1213- MP.r  61 318.9 5 1.0 518 - 5 -- 1. -----
1214- MP - 61 , 31.9_-- 5 .1.0 519 -- 5 . --. ° 0

1271- Mpr Al 4802 - 5 1.0 .580 5 -1 0

1)276- MP-r 1- 321 -- 5 I-. 0  521-- .5 - -1.0

17317- MP 1 3 .5 520 2 5 -1-.0-582 5

11 MprT 6 778. _- ----- 157 8 -- 5 --- l -1.0 -------

122T- MPr 1 382 5 ----. 0 58 -- 5 -1.0.

174- M.r 1 - 83 5-- 1.0 .583 .5 --- -1.0--

225- . C 61. 384 .. 5 1.0-- 584 5 -. - .0

. . . . . . . r . . . . . . . . ..



P TbF ANfn RnTH PADfl-nD .H CYLINDnPCAL-REI I JUNE- .28-1-9.7-4-----NASTRAN--2/-

A=13.730 RR= 72-0 Tr=2-215 TP=1-10 ( TPAD_=l. 500_PDO=L.13- -0-

IT PT

$_.-Q. R -T 0- - 8-J-L-K----- DA-Tr --- E- C -H. 0--

U .CARL 3 .. .. -

26- Mr 61 95 5 10 _.585 . 5 .-- -1.0- --
I Z 7- M .386 .... . -. 1.0 -- 586. -... 5 --. 1.0 ---

1278- MF. 61 38 5 1 " 587 . . -L 

1229- Mr 412--5 .- 1.0- 512 -- 5 - 1. 0-

1230- a cC 61 41 3  5- -- 1.0-- 513 --- 5 --- -1.0----

1231- P 6 -.1 414- -- 5--- 1.0 - -514-- 5- 0.0

1232- _M 1AL51 415. -5- 1.0 515 -- 5 --- 1.0

1233- C -____61 416_ -- 5 1.0 --- 516- 5 -- =ia

1234- pF'. A61 417 5 l . 51.7 .5 L. 0

123- C .6 418 -- 5. 1.0.. 518 5- -L.0

1236,- - MP r - 61 419 .-... 5 ---__1. 3 -- .519- 5 -'

1237- -_MPr 61... 420 5 " 1.0 -. 520 5 . -1.0----

1238- ,pr 6L421 _5 1.0___ 521 5 -1.3

1239.- . 61 422 5 - 1.0- 522- 5 -- 1.0 .- --

7148- Mp'r 61 477 .A 7.7 5 L

1241- ME_ 6r 1 78- 5 1.0 578 5 -1.0

1242Z- Yp F_ L 4"79 5 _ 1.0 579... 5 -1.0

1243- MP' 6 L_ 480.-- 5 1.0 580 . 5 -1 .0----

1244- MIC 61 481 1.0 58 5 -1.0----
1245- MIC 48 10 582 -- 5 ..--- 1.3

124r- M, 61- 4.8 5------ 5- I. 0 585 5 -. 0

124_- .Z4 M 1 _48_ 5 - 1.0_ 586 _45 -- -. _-1 .3

1.5 MI!'C 61 - 48 - -5 1.0 58 5 -,-4--1.0

1251- MC 62 -31 --- 1.0 512--6 -1.0

1251- MPy-- - 1 6 1.02 51 6-- 1 - -. 5 - 6 -1.0--- -----1i57- M,-r 62_ 313 A6 . 1 0 ..... 51A._ . -I

1254- M't 62 15 A - .0 515_-6 --- 1.0.

1255- C 62 316  6 _ .0 516 6 -1.0

1256- MPC 62 317 6 __ 51 __-6 - -L

1257- M C 62 318 6. 1 .0 518 6 .0

1258- MP!C 67 _19 6.- - L.- __ 519 - . 1.---- - .,_
125-- Mo2C 62 _320_ 6 1. 0. 520 6 -1 .0

12,. M r_321 6 1.0. 521 - 6 - -- --- - --- 0



PIPE- .- I -LC-CYLI NDR1 CAL. SHEL L----------- -- JUNE -28 -1974 -- NASTRAN--2i

A=11.200 RR= 72. 0 T;=2.15 =. T=1L0 TPA-.5_ 5 -J---- ---- -

I oT

_ ::_ _ _-S OR-O--E.RD- REJ- I-.L K . -A- TA...- E C-H --------- -

__ _ - - -- - ---- ---- --- -----

C N'T - -- ... 2 . .3-. ... -4 . - 5- - 6 .......- 8 - *.. g ... • . 10.

1261-- .MP-C-- 62 -377-----6 ------ 1.0---- 522--- 6---- -1 .0-------- --

1262- M -- 6- -377- -- 6 -- -1----.0--- 577 -- 6-- ----- -- 1.0 - - -- ___

1/ - MP. 6 7 7A 10 __58- - 6------ l.. 0

1264-- -- P_ 2__2___ 379.. -6 1.0 .----- 579 - 6----- -1 .0.- .-

1265- -- C--62 - 380--- 6----.0--- -580---- 6- -- -1-.0

1266.- C 2 38L 6 - 1.0-.--- 581- -- 6 -- ---------

1267- ypr _62 382. 6 .. 1.0 ------ 582-- 6- ---- 1.0---

1769- Pp 6? "4, 6 1; -----5R84- 6---------. 0

1270- pr 62-- 3P5--6- .--- 1.0--- 585- 6- --- 1.0-- -- -

1271- PC -62---386-- -- -1.0-- 586----- 6-----1. .0

1272-- .-MPC 62--- 387 6-.--- ..----- 1.0 -- 587 .-. 6--- -1.0

S 1273- u . 62_--1-_ - 6 --. 1.0--- 512- -- 6---- -1 .0

1274- . IPL. 62 413-- 6 1.0 --- 513-- 6 -. 0

17275- Mpr A7 414 6 1 .0--514- 6- 1--------.0

1276- - JPC h2 415---6- 1.0- 515--- 6------ .10
1277- --- 416 6-1.- --- 516- 6--- - -1.0

1278- _Mpr 2-6 417_ 6 .1.0 -- 517.----- 6--- -1.0 -----------

1279.- MCPr' 62 -418. 10 .518 6 -- -. 1 .0- - --- -

1280- MPr &2 19----- 1. -519 6--- --- 1 0
ll2- Mpr A2 420 A 1 - 520 6 -1-.0

1 ?,27- MPr 2 41 6 -- 1.0 -- 521-- 6- ---- 1.0

1243- M P( 62 422 --6 1. _-- 522 6 -6 1. 0-

-184- - MDC 62 417. ' 6 1 .- ---------.- --- 577 6- -1.0-

1285- 1Pr  6 78 6--1.0---..578-- 6------ 1 .0.--

1286- MP 62 _ 79 -6--- - 1.0. _579-- 6- 1 .0.-

1287- MPr 65 48 6 1 . 580 .. ----1.0

I 28- . MP1 6C 2 .481 _6_ 1.0_.581-- 6 1.0-

12)9- p _pP2 482 --- 1.3 - 582-- 6 -------. 0

1290- MPr 62 483 A 1.0 583 6 -1.0

191- MPFt 6 4a 4..0 .584 _ -61.0

1 292- .Mpr- . - 485 . 1,. 0 585 ---- 6------ 1. 0

1279 pr & 486 - 6 1 0--.586 6 -- 1.0

1294 - PC.. - 62 487 -6- 5 87- 0--- 587- - 6---- -- 1.-- 0 ----- --

195---- pr 6 --- 312--- --- 1.0 512 + 2 3



pD1PF kN R nTH PAn$ EIFRrED-_J-4LE--Lt-CYLINDRI 
-AL----HELL----- - JUN.-- ---- - .t,-74---- ,AS RAN 2.

=-13.200 RP = 72.0 T;=21. 21i' P= -!00 T .- =-.53-7 
-"50

1 __ ------- -- 
-

3 .--- 2 - - 0-- 52 --

_D uL -D--T- A--E C------

1291 U _ 314, - .......--. . 1 . 51-- 2-- -7 .. --------- - L2-gL- i - oc 6_--- 11---2__1296 - - -- q ?5.. 6..- 1-- 8577'......... ........ - - ~ -- -- --

12-9----- oyyk ..._. .13 ....... 2- _.....l,, .... 3--- -- .--. i.O Q ... . . ... R3--

19- -.- 314 _ -- 1.0------514 2 -- ! 0----- -. R4---

1303- 4-54 - 6- 1.8577 ----

13.01- M C - 35_------2 1.0..... - 515 -2 .O-+R --

1303-- .- --51--- -- 6--- 1 2-----1 . 51

_____.1305- M PC 64 3.1 L..... 517- 2 __7-._0----

__L3_P_7.- , ppC .6A.L. -
3 18- *_ _ . 0 ... 5 l8.- 2 .- 1-0- R 8

.130.8_ .. PB .518 6-. 1.8577- - ----

m. 6_4 _319 0 ..2 ---------- .0 .. 519- 2 -1.0 -R 9-

1312- -~-- ------- 20 --- -- 1. 857 .5-4. 20 -- .

-1313- p r_ _6 _. 32, 1 - 2 . .0.. 521- - - 2 . ..... -- --. .-- +R11 --

131 ,- 521 -- -1.-857 -7_.--

1 q1. 2ktRC Z 7.1. 2 -1.- e-_. -10 ,R12-13-19- pr 64 , _ 3227 -2- 1.0- ....... - 2 cl -- --- 
- - -- - - - PR 2 -

1318- R24 57 .. 6 1. 8517-- -----
13- 64 .7 21 - . .. 578. 2 -l .0 __2-+R25-

132 1 4._25 57 .--- 1. 8577.

132I-- ~OL--1~. .. 1,0 ......... 519 , 2--- - -..- 0 4+_R26-

132- TF57 6 A 85n1 R2

1373-- 6 380 7" L.O .-- 580 2 -1.0 --- +27-

1 325- 
1 P 64 381 2 10 . 1 .0

13 26- -) ,) 587_.1.6 1..8577- -- _ _

132-7- 1 ---- 14 38.2- ..--- 582- ---- - _------0.__0-e

S c1329- .. _64... -.. 383 -- 2..-.- 1.0 583 2 _.1 - -. .0..+R30-

-- 6- ----. .5 -. __)



-9-H 0L8I 8 -T8 v V9 1chI

Z1L O4 C L/Y9 .JdW t l

LLS -T I- -USEi? 7

o~ Tr- zt L79- 01 4 e 19 JdW~ W L

O~019 01-w Z--s ITO t 6 '
Ll. t- 9IT-; bid+ L

6TV4v1 4 a tb u 1 4 WY9 -L t

O I- L I~~LS ~ t____ ________

LL99 *1 - 9 915- TJ

0L~ 1-9 ~ 90

-9~ 1 U'L S b ~ L' JdW I

_____________~l 47__ -.-- Z LLS-~___

________S -__ -- E-Y1* -OLVg EL8T

ULS~ T9 8W -l Ir

____~~R -------- *19 -S L Lie8 __ _ _ _ __ _ _ _ _ _

-. ga . C . 4 .f

O OSd V05u -Tu1VZ-1 UI 1dL SL 4 U-CL =tU UUC-tL=V

tZN~ ± V~611N I( S(]~N1. N U- ~JI~~UbVd H1lU~i ONY ddid



PIPF AND ROTH PADS. pF.LTNLEDfLE__INYtIINDCAL- SHELL -- -JUNE- 28----l974--NASTRAN---2/

A=13.200 RR= 72.0 TS=7.215 TP=R1100 TP4OA= I501._PO=137150----- - -

ITPT 
_

-S 0 R TE D U.L 0 T----- -A E- C -H--

COUNT __ 2

1T " ,- +P.7 519---- ------ -1 85 -9-8 --

136- _MP'e! A----480---- 2 ... _..1...0..- - 580 -- 2-- -1.0 .. 4.-38
1368- +5r7 ,8 6 - 77
1369- 7P C 48L--2 1.0 .- 581 -- -1..0 -- -. R39-

13- 3 58 ----- 6- ..- 1. 8577-----

1371- PZC 64 _48_2 _ 1.0 582 --- 1.0 +R-40-

1l72- • +0 5 8 2__6 -- - -1. 85-7---

1373- MP 64 483.-- 2 1 -.0-- ..- 58 ---8 -1.0 +R41--

1374- tPl , -1

1375- MP( 64 484 2 1.0 ..... 584 -10 +R 42-

137.6- +tP.42 584 . _ --6 1... .857.-- --

137.7- p. 64 485 2 1...0 -. 585-1.0 R 43-

137k- _ 43- 585 6 -1.8577 - -

1179- MP A 486. - 1..---- 58 6 .-- _3 -1.0 +R 44

I 3Rq- +Ri4 5R& A - -1- .87 7

1381- MP A4 487 2 1.0... 58 7--- -10 +R45-

1382- +.i5 . _5 87 6.- - .-857 ...

138R- + 12 -RA A- _51 -9 . R46

1 384- +S jl? 5 "I--- .L---- -'10
1I5R- MP_' A 33 3 .. ... 513 3 -1.0 -- -+R47-

1 R- to47 . 5 -L.8577

13 P7- n pr h5 14 _ - 3 ]0 1.5.1 3, ---------1 0 +J8

138A- + , 51 _--5 . -1 8571 ---

1393- MP 6 155 1.---* 515 - 3. -1 .0 R49-

1390- +FL49 -11 - - ._-1.85.7-

S39.1- MP 65 3.16.0 516 31 ---- 1.0 -- - R 50-

1927- +p S 516 .5-9 -1851 .

193- o S 317 3 . 1.0_ 5 . -1.0 +R.51--

1394- .- 51 517. 5 - 1-857 - -

1395- MP' 65 31__ 3 _ 1•0 .... 55.18 3 -.1o0 + _L

1396- +P52 51 _5. -.1t851L7

1197- MPr 65 319_ 3 1.0- . L -_-9 3 -1 -.0 -AR53

1389- + 5 519 C -.I .85 7 7

1399- ._. - 5-M 320 1 1.3- 5 4.... -1... _ .. +gR54 _

. o54 520 o---5 ----- L..857 7-.-



T __ __ __ __ 9 S 8 -- -.- 59

01s t+ UtSD t t

-. 5- s -LS T

0- 1 T*9-- L '- - --- 7 Y 7 wLe1

-Li b - 985 .L L9STd
- LtBT 98 99 7lSS 9-H- - Cel

LL5 El~ ~5 c SE 9 dwicv

Lz~ 8 - I - ~ E8 aO S-LC7L1 11

- - .+---__ IL L S!4 a - -- -- Z dFz TTT
-- 'E~jL'd- C cut sv dWl- 0

___________~4 T__ ti~-~ S LL

u~1- -6L CTE Z hJb

-- 9+ f__ I- 185E 0 T59 ~ ~ ~

Z L t d c$1 Jdw - U 7 L

O T 9 L O1 9 - 7dW - -TO4;T

u~~d I- alCC Jh

tZ~N(r NVu±SV HIM'8 ONl~ NV 3id



PTPF ANfl RATH DADS RIFTNEFRCEn D nL L I Y.LINDR-I CAL--SHE --I NE-- 8--1-974- NA STRAN-

A=13.200 R= 72.0 T'=2.215 1TP=lln1 TPll=00-P -=13,750 ----- - -

8~~~~~ _----------- RIED U -- DAA C

SRTE -- U -A -TA --- C H-- -----

S2_Cl ___ _____ ,___3_,------ ..

CO-I* .?. A .. 5 - . .6. - 7 . - -

1436- + 6 __316 .. 1.85_7 -
1431- P4,5 A1 3 0 517-- -. 0 7R62

1434- +62 517 5 1. 8577

143 -CM C 65 41 3 1.0 ...... 518 .. - .0 ..... . ._ +R63-

14._4_-- +R63 518 5 .5 1. 857-...

__14lc- C __3 1..0 ... 519-- 3. -- 1.0 -- --- 6-

1-442- +P64 95519 .. 1.8577 - - -

1443- MPLC- 65 -24 3 1.0 520. -- ---- - +65-

144-- +0og 52 5 .--- ----.5
14 l5- , p- & 421 -1 . 52 --S 2 --- . R---

1446- R6 52L 5 1.857.7- -- - -

1447_-- -. -- 65-- 42Z 3 _ __ 1.0 522 .. 5- .-- 1.-+-- R67-

14 4.- t+ 7 522 57 ..--- 5 1. 8577 .

1449- _Mt _5 47_ 3 1.O_ ..0.._ 57_7. --3. -' 0 -1 --- R8-

1450- +79 577 5 1 -571

1 .51 - MP 478 3 10 578 L -1.- . +R80-

14 52- _ .3 --- 578_ 5 -- . 1. 8577 .

153- . r ~A 479_. 3 . 1.0 .... 579 - - -1.0 +R8 -

1-45____ ' 57.9 5.--- 1.8577-

1455- -.-_ h _480 -3 1.0 .-.- 580---3-- .-- -- 1.0- +R82-

156- +Ri 58 0 . 5 1 .351.7
1457- Mpr 65 481 " , __---- 581 - .- -.1 .83--

1 58 -  +R93 581_ - . 8577 .

1 459- 65 482 - 1. 0 -... 1.. 58-3 . --. 0 ---_--_+R8-

1460- +PJ4 582 L. 1.857L ..

461- r 5 0 483 1.0 .. 583 6 3 -1.0 +R85--

1467- +015 58- l" 1 -85/Z

1 63- MP" 6 484 . .3 1 .... 5-3 - 1.0 +R 8---

1 _464- -+_. 6 -- , . . 5 1.8577.....

1465- 65 485 3 .....0 .... 585 3 .- 1.0 87

1466- +P.7 585 .5 1.. 85.77 - -

i 4.7- 8pr 6L 48 3 l.0 586- 3 1 -- n  +R8-

14A- +R 586 5 - 1

169- _yo 65_ 487 3 1.0 ... 587_. 33- -1 .0 --- 8.9-

L 4l_- + - -- 57 5 1 85-7 7- --



" _ P-- An agnTH oA PDoINFE._ 4t-OE -N-CYJ IN DRTIL- -SHL--- ---- J LINE- 28---4 974--NA ST-RAN---2

ITPT

1 4 7 -_ 
_=. 

__ 
_ _- _ _ 

T P-n= --S O ---- -
S . _ n 47 81- 1-- - ----- - -- -C0-H---

N"1479----- A-_ .. 1..0_-- ---- 6---9-----S141-_--- - -- pC1 5 J 1.0-- 561L .! .- 1.0-

14.72- _ _P 66_- 323-- - 1-.0 -- 51---- 3-0-1-R0---"

145- MP ---- 2 --- - ---- - 5 23- - - 1.0 -- --

148_16- R9 h -3 2 - -52 --------- - -- - R

147.R 5- aq 1.857-7 - 5 --- 1.

1487- MPC 66 47- - . 1*0 51 76 ---- l-. -

14.84- 'MP -s 1.030 588-- -. 0-1819- _+-9 57 6-------- -- 0.85-7-7 - --

148- M 66 388 . 1.0 --. 588-------- -- -1.0-

1490- .MPC 66 411 O----- - 1.0

14g- MP h 23 1 ----- 5 - - _

1492- _pc 66 -4L3 - . -- 1.0 51-- - - - 1.0 .

1491- -- 9 _2 1 1--.

1 49--A -423 6 - 1.0 .......523 -6.- 1 .
1495- Aos -476 1 -1-0---5 6 - --- .,O-

_9_5_- ___47C A 4 1.0- ..576 -- - 1.0-

1497- -P7 5-6 5 1 85-77--

148- 476 5 1.0 - 576 5- -- -1.0 ----

1499- aMPC A 488 1 1.0 588 ---- -1.0

1500- M _ 66 ,aR 7 1 - 588 -- .-- 0- +

1501- + 7 588 _ -L - 0

Ss- MPr ADn f A 0 - 1 2-----1 6-- 34- -35 ----------- -P1--

153-- . 1 n 50._--0 61 - 6...-- .64 .- 65 .--
-P ? A 100-- -- 57.6---- T HR --- 58 . --- ----. .•.. - - .



00___-Eh~SZ~t 
9~oE~ Cs

~iv Tr 9~I~v ZI Li I o

SE M O(ctl Z - 'OZt I CST-____ _______

ZZU di7TTCCt0OOOl 9 _ ___

1 9Z fA di - - S 0I G -FdJ1- _______

_____________ --- z zE- --- r-Tr~~U TEy-O-G 91'u

1691- -- 90L-- /z o0L0 L V--(9Z - 6 Z 9 Z - COT - 9 Z _______---- Z T-

L 9Z- 79Z- !EZ9?-6t9ZO0-OLI bb6 ?~O Z rijv0la c __________

9691 -L89T 99-- 479T-- 9V L t 0 e/l

999V--99T-Z991 D99tSc9I-LS9t--0OOI -- V 9 IVUYTa -615

-9991-'91F Z9 05'O91 -8,9T--0O9T! 00 ---- 9 _______

6Z9!-LZ9F 9Z~91- GGZ91 Z t £ 9 0 r ~ 0~YdZ

c79T--0Z9T- 61t9-1- 8T9V -- 9 9 - 9r 0 Gic-1

* 18Lfl-(dd1---- 9 1L ~ CCT I ~T_____ t1

~~ItLf ------7T ____c vQ 9 ~ i a ~

OIL3 d,-S9L CT9O- ~~l _____



PIPF ANn RfOTH PAD RFENFn=c L IN . RICALSHELL - UNE -8 1974 ASTRAN

QQ 7 - -_____ ------ -..-.-- ----- - -
A=I1,.p1 O R= 72.0 T_=2.-1 TP. TA.50L-0 -0U

1TPT -------- ---

U1 *---l A -fl0**--3 *1 H RLL--5. - 9

1541- P-LADZ --- I00.0-- -239 . HRU- --- 241 ..............

142- - L1A ll 6 - 100°0--263 .- ... IHRU . . 245 -
1543- PL PAFP . - 100. --241_ -  TR -R---249

1544- PL AD -- 6 -- 1 30.0 5 1 THRU 253 -- ----__

1545- PLOAD 6 ---100. -- 255- THRU--- 260-- -

15 46-PLEAD_-- -103, 262- THRU_ 273 - -
154_7- PTOAD26 -100. 1256 _125 1 260 - - -

15485 L______.DAD2 -109.0.0 .. 1263 _1265.. 1267 .. 1269- -- 2 1- ---- 1273-

1549- POMiAn? 41 47 , 2.258

1550- PQU.ADZ A - - ,-7 4.5000 -

1551- _ POUAD24-- -- 47---- 1.50000------ - -

1552-___ _PQU4D2.5._1 ._47 .... 1.10000--. -_-- -

155 3- PQUAD 2_ -75 4..-- 75000 -- -

1554_- _ TRIAZ 4__41 47__ 2.21538_ ---
1555- PTRTA2 41 47 1 a5001I

1556- TR! A 2 4 _ 4_ 1. 50000- ----

15.5 7- PTRIA? 51 4L7- .10030
S1558- 2IA L 7r 47 .. 75000 _...... -- -

1_559- SPCL 1. - - 26 - 5 11 5.4... - 33 -5 50. - 3-- 57l +K

156- +K_ ___589_ 602 __.615 .- 67 --680 .--- 89--: _-696-- 701 +K2---

1 561 - +K2 72 11 - ----32-37 50 63 3------4.1 L-------K3

1567- +K 3 424 432 450 1-' A63- 4 T-A6k-6

1563- eprl 7 35_ _523...--- _536-- 549--- 562- -575 -_588.... 1-

156.4- +L1 h A1 --.627 647 668-- 681-- 690 --- 697--+L2-

1565- +L2 T7R B -712 716 .-720 .724 ..- 323 .- 336 --_ 349----- +L3--

1566- +L3 ___362 ___375 8 __423 _436 449 .462 475---+L4--

1567- +14 4RR

1568. SoC. 3 5 _05 7 7TOT_ 7.11 . __719 __ 723_ ML

1569- tl 77 . ..__ _77

1 - S.CI_ 4 26 729- 730--- ------ ---

1571- SPC1 6 _2__ 3_.728 ___--

17- RfI Q 74. ?23 • 2 7 2 31 235 ----Z39 24 _ -3 P1---

15714- +P- 26Z -. 247 251 -255 - -- -

1575- sp 0 _345- -726------230 --- --234 238--- -- 242-- 246" ---- 2-

_____ __ _ ..-.------------ -------- -- ---- -.-----



A=11-200 RR= 70 S.1LTzI 100 TPfl±.flo_-P~on~13_..7

ItoT

__CARD - -

__ __2_ ___2_4 _ _5,__ 2- 4.

r S -7& -- -. ES T-AZT I E~ 9--

r- 70D___sNB__ - __T_ M_________.. _-

**USER INFOR1tATI0 MSAE327. SYMMETRTC REAL -..---.- STIiTEIS -64 SECON0S-

________---T-vN R.-P S ES- -I EST.__ 
__ 

TIME _ _ _

_________________________________________ 
AiETHrJD2--. .1&I.NB PASSES.- = - 1., FST * TI ME. L.. I

METHflflJNI.*A&P.A-A SSE S-z-L £ SX..2iI ME----5.t--- --

FORP LOAD- .1 ESII ON SUR8 F =23-.252412E-1
4

__________ MET14 lR224T,_NSR__PA SSES_= iL, EST.- TI ME.z__ 4

______________ ___________IETHODA -L- 9NBRPA SSES-. -A, EST. _! ME-=--_ -A.6 -

MF T I.fll 2Rl...t L SSES 1,ESt TME

**SYS FM4.WARNING- I4FS'ar~F 1022

__AlAs BLOCK PtTPAR IS RFluB'ED AS INPUT ANt) IS NOT 2U1.pUL. gykMVouOUE-NTfCURN-tA-a

c* YTFPM WAFI" M~FSSA(CF 1i;-_________2___

___.A_ 91 COCK C P $_El5 L&EQV I Pr A S LUL.AND IS-J4O1-.CUT PUT- -- YA__PREy.! ClJS__M0DUL E IN .THE.-CURRENT-DMAP-R0L



qPTPF&Pj I N F nFINCy1 - AISH -JUNE--22 - 74,-

~~~~~~ I PT 0D15IJ0'3-fl______

S T P F-5 F I N G EN-E--R-A--L- TRL-A--NGU2A--.J---E L.-E-M-E--N-TS---
Fl EMFNT E I BR-E- -.SST!-SSESNII LEM ENT_ COCR2DIS YSTEM_ - _ PRI NC-I PAL--STRESSE-S---
~I0..fl1SIANCE____ RMAL L -X __ --NRA __---HAR-Y-- ANGLE --- ,--AJOR--

2A7 -5'3_O.l0QQE_-02 3L62-692-1E.4-0Zt-5-282235E*02-- 16..874622E+01-- -J..4925--3 6. 759504E+02
5500309-2 777gl?+Z_19493_4O08E+nnf -17-.60_E+1__-_0 28011E+2

76R -5-3,C0.0000F02- 11.A 55225E+O2-1l.201016EtO2--=.3..448518E+Q- -2.47177-- _17.468833Et02-
55~ )O~F-L.& tl~iO 4-9662 12E±01 30.306 191E+01 -5.0999-37. 4549719E-+02-

269 -55aCaO00QfE=D2_ ?B_.AJ9O4E02 10.733020Et02--21..705942E+O1 -.- .8732----28.740544E+02-

55,000)OOF-02 19.551830F+07 -3)795En 64l%,3tQ -- 033 1,654-.2

270 -55*000000E02 DZ Z-9.7.949E+Z-64.832626E+OL-Lt7.810507EOO----. - 5714-- -i2.975834E+02-

________5E+.0 -1.629v -22 1174E+01-.-- __4.4868___ 27. 024457E +02-

271 -5-5-.0-0.001-0.2 71-9531.7E+07 b4. 843281E+01-82.81271 1E+00-- .3.065 1--21.949721E+02-
59-intlp72 'AA7490F+fl2 -A,-7q9&D--&4Z6B-E+f __~06_I-343E+

25 ..- Q0o9 QE _ 3...067Al4EtD 3.7 .87225E'0l-=57.859562E+00- -3.5539 ---i3.13348E-02-
5 5..2I00FQ02 11A634Z8-9E±2-I51i.-7-61.95.IE-,kI16.*23303 8E+ 0-_ -4.0502 __17 .749Z32Et02_

273 -5_0DDEQ A 5845E+0 069.8+1-7.364E0- 2.1618. --- 16.613728F+.32
,_ C00OflfF-fl2 12-29191$&F+02 -71-167tn ,A-6E 2L87lL346E+00.. -. 8219-12._95915E+02-

__ __A_ _ __~r -4A d

311 3 _7 - -~f=Q2 AA 434t269.735ECI-1B83E0__-2..2148__ 6369224E.+02-

3--0aU-7 5-5-&E+2 _4.523_DZ_1-2E0 -2.1909 59.134498E+02-

'Al -1.501000.Emfl2 60-.2 6B39E+Z.2--.72-.81228E+01.-- 23.693549E1 !-2..5500 60. 402347E +02
37,.50000OF-02 SiQ80R26AF+0) S2,I7510SF+nl -21-8.955EG =26285 -57.089453E+.02-

31-3 -i opr6 _I62AE0 1-745t---l- 8LE+I -- 6k 8276E+2

3 7,50000 E=-Z 57-3 2165±.2 28.458522E±O--161&.512,77E±0L -1'l.8885--52.436080E+02-

-414 -37, DOQEO- 7 --- *349,DE0--b-25.t 1,-9.6 3,E0- m1493-.__53.512848E+3Z_
'Aj00Fr2 4-791E-Z-J8999F+0-m1L271 0 =_I_.637L___48.1168E+2.

_- ----------



172

APPENDIX B

NASTRAN SUMMARY SHEETS
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